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INTRODUCTION. 


By 

Major  General  GEO.  W.  GOETHALS,  U.  S.  Army 

M.  Am.   Soc.   C.   E. 

Governor  of  the  Canal  Zone 

Formerly  Chairman  and  Chief  Engineer,  Isthmian  Canal  Commission 

Balboa   Heights,   Canal  Zone,   Panama 


Christopher  Columbus  has  been  called  the  practical  founder 
of  the  Panama  Canal  enterprise,  for  he  was  the  first  to  propose 
a  water  highway  from  Europe  to  Asia,  by  the  Atlantic  Ocean; 
and  he  believed  that  he  had  arrived  at  the  shores  of  Asia  when 
he  reached  terra  firma  at  the  end  of  his  voyage.  His  fourth 
voyage  carried  him  to  the  northern  shores  of  the  Isthmus  of 
Panama,  which  he  skirted  for  the  entire  length,  and,  when 
informed  by  the  natives  that  he  was  nearing  a  "narrow  place 
between  the  seas",  so  intent  was  he  upon  his  discovery  of  the 
"secret  of  the  strait"  that  he  construed  the  information  as 
meaning  a  narrow  strip  of  water.  His  search  terminated,  how- 
ever, without  the  result  for  which  he  hoped. 

Some  ten  years  later,  Vasco  Nuiiez  de  Balboa,  Governor  of 
Castilla  del  Oro,  having  heard  from  the  natives  tales  of  a  great 
sea  not  far  to  the  south  of  his  settlement  near  the  mouth  of  the 
Atrato  River,  and  feeling  it  incumbent  upon  him  to  discover 
new  regions,  in  order  to  induce  the  King  of  Spain  to  overlook 
the  irregularities  by  which  he  had  succeeded  to  the  guberna- 
torial office,  undertook  the  journey  across  the  Isthmus  in  quest 
of  the  Great  South  Sea,  which  resulted  in  the  discovery  of  the 
Pacific,  on  September  25, 1513. 

Accompanying  Balboa  across  the  Isthmus  on  this  expedition 
was  an  engineer,  Alvaro  de  Saavedra  Ceron,  who,  subsequent  to 
the  death  of  Balboa,  became  one  of  the  lieutenants  of  Hernando 
Cortez.    Cortez  was  hopeful  of  discovering  the  strait,  concern- 
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ing  which  he  wrote  the  King  of  Spain  (Charles  V)  in  1524: 
"If  the  strait  is  found,  I  shall  hold  it  to  be  the  greatest  service 
I  have  yet  rendered.  It  would  make  the  King  of  Spain  master 
of  so  many  lands  that  he  might  call  himself  lord  of  the  whole 
world".  Cortez  went  further,  advocating  that  if  the  strait 
could  not  be  found,  one  should  be  made,  and  subsequently  pro- 
posed the  construction  of  a  canal  by  the  Tehuantepec  route. 

Alvaro  de  Saavedra  doubted  the  existence  of  a  strait,  and, 
believing  with  Cortez  that  one  should  be  constructed,  prepared 
plans  for  a  canal  to  be  built  along  the  route  which  he  followed 
with  Balboa  in  1513.  Death  overtook  him  as  he  was  about  to 
lay  his  plans  before  the  King  of  Spain. 

Subsequent  voyages  of  discovery  failed  to  disclose  the 
natural  narrow  strip  of  water.  Cortez  proposed  the  construc- 
tion of  a  canal,  Saavedra  prepared  plans  for  one,  and  for 
upwards  of  four  hundred  years  the  question  was  considered  at 
various  times  by  nations,  corporations  and  individuals.  Charles 
V,  at  Cortez '  insistence,  had  surveys  made  with  a  canal  in  view, 
but  the  reports  submitted  indicated  the  impracticability  of  the 
route — which  was  undoubtedly  true  with  the  machinery  and 
appliances  available  in  those  days. 

In  1567,  Philip  II,  the  successor  of  Charles  V,  sent  a  party 
of  engineers  to  survey  the  Nicaraguan  route,  but  the  report  was 
unfavorable  to  the  success  of  the  work.  Impressed  by  the  rep- 
resentations made  in  favor  of  a  canal,  notwithstanding  the 
unfavorable  report,  the  king,  in  his  perplexity,  is  said  to  have 
laid  the  matter  before  the  Dominican  Friars,  who,  desirous  of 
obeying  the  mandates  of  the  king,  were,  in  their  ignorance  of 
the  problem,  in  probably  a  greater  state  of  perplexity,  so  they 
turned  to  the  Scriptures  for  .consolation  and  relief,  hitting  upon 
the  following  verse,  which  they  concluded  had  a  direct  refer- 
ence to  a  canal:  "What  God  hath  joined  together,  let  no  man 
put  asunder".  With  this  injunction  from  the  Holy  Writ,  they 
reported  against  the  undertaking.  This  was  a  sufficiently  good 
argument  for  King  Philip  to  abandon  further  consideration  of 
the  subject,  which  was  thereafter  put  aside  and  not  again  con- 
sidered, for  death  was  to  be  the  penalty  for  any  one  who  sought 
a  better  route  across  the  Isthmus  than  the  paved  road  which 
had  been  constructed  from  Porto  Bello  to  Panama.    It  seems 
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strange  that,  in  the  20th  century,  when  progress  in  the  con- 
struction of  the  canal  was  retarded  by  the  slides  which  devel- 
oped, prophets  should  arise  in  condemnation  of  the  work,  pre- 
dicting that  a  connection  between  the  oceans  would  never  be 
accomplished,  as  it  was  in  direct  violation  of  the  Apostle's 
injunction. 

During  the  reign  of  Philip  II  nothing  further  was  done 
looking  to  an  artificial  strait,  but  the  subject  was  revived  in 
1616,  when  Philip  III  ordered  the  Governor  of  Castilla  del  Oro 
to  make  surveys  for  a  canal  by  way  of  the  Gulf  of  Darien  and 
the  Atrato  River ;  nothing  came  of  the  matter,  however. 

In  the  meantime,  Spain's  commerce  with  the  Isthmus 
became  very  much  embarrassed,  by  reason  of  the  buccaneers 
who  preyed  upon  it,  and  the  war  between  England  and  Spain 
made  matters  even  worse.  The  destruction  of  Porto  Bello  and 
Panama  by  Sir  Henry  Morgan  in  1668  and  1671,  practically 
destroyed  Spanish  commerce  across  the  Isthmus,  and  what  little 
remained  was  entirely  stopped  by  Captain  Sharpe,  who,  landing 
in  Caledonia  Bay,  marched  over  to  the  Tuyra  River  and 
destroyed  the  town  of  Villa  Maria. 

Based  upon  the  report  of  Lionel  Wafer,  one  of  Sharpe 's 
companions  on  this  expedition,  after  his  return  to  England, 
William  Paterson  of  Scotland,  the  founder  of  the  Bank  of 
England,  undertook  the  establishment  of  a  British  colony  on 
the  Isthmus  of  Darien,  so  as  to  secure  to  Great  Britain,  "the 
keys  of  the  universe,  enabling  their  possessors  to  give  laws  to 
both  oceans,  and  to  become  the  arbiters  of  the  commercial 
world".  Though  a  colony  was  established  on  Caledonia  Bay, 
the  site  selected  was  very  unhealthful,  the  English  and  Dutch 
East  India  Companies  used  their  influences  against  it,  the 
Spaniards  and  Indians  were  hostile,  and  the  enterprise  ended 
in  failure.  Paterson,  however,  from  his  observation  of  the 
Isthmus,  expressed  the  opinion  that  a  canal  was  practicable. 

It  is  interesting  to  note  in  this  connection  the  observations 
of  Willis  Fletcher  Johnson  in  his  "Pour  Centuries  of  the 
Panama  Canal": 

"In  his  'Central  America  in  1701',  he  wrote  that  if 

such  interoeeanic  communication  were  established,  through 

its  ports  would  flow  at  least  two-thirds  of  the  commerce  of 
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the  Bast  Indies,  amounting  to  not  less  than  $150,000,000  a 
year;  while  the  time  and  expense  of  the  voyage  to  China 
and  Japan,  and  the  richest  parts  of  the  East  Indies,  would 
be  lessened  by  more  than  one-half,  and  the  consumption  of 
European  commodities  in  these  countries  would  soon  be 
more  than  doubled  and  thereafter  would  be  yearly 
increased.  There  is  interesting  food  for  speculation  in 
the  reminder  that  Paterson's  enterprise  was  undertaken 
only  a  few  years  before  the  union  of  England  and  Scot- 
land, which  occurred  in  1707,  and  in  the  inquiry  of  what 
might  have  happened,  had  that  union  been  effected  before 
his  undertaking,  or  had  his  venture  been  postponed  until 
after  the  union.  In  such  case,  it  is  to  be  assumed,  there 
would  have  been  no  effective  English  opposition  to  his 
colony,  but,  on  the  contrary,  it  would  have  received  earnest 
support  from  English  commerce  and  from  the  English 
army  and  navy.  "With  such  support,  it  would  probably 
have  been  successful.  The  Isthmus  of  Panama  would  have 
become  an  English  colony,  and  generations  ago  an  Isthmian 
canal  might  have  been  successfully  constructed  under 
the  British  flag". 

Nothing  further  of  note  occurred  in  connection  with  an 
Isthmian  canal  until  the  latter  part  of  the  18th  century,  when 
England  entered  the  lists,  and,  with  Lord  Nelson  and  Baron 
von  Humboldt  as  its  representatives,  made  a  series  of  exami- 
nations having  in  view  the  construction  of  a  canal.  No  less 
than  four  different  Isthmian  routes  were  given  careful  con- 
sideration— the  Tehuantepee,  the  Nicaragua,  the  Panama,  and 
the  Darien  via  the  Napipa  and  Atrato  Rivers.  In  addition, 
other  routes  in  North  and  South  America  were  considered  and 
included  in  the  report.  The  four  routes  mentioned,  in  their 
opinion,  seemed  so  favorable  as  to  merit  further  and  more 
thorough  investigation.  As  the  result  of  Humboldt's  inspec- 
tions and  reports,  Goethe  made  this  remarkable  prophecy: 

"I  therefore  repeat  that  it  is  absolutely  indispensable 
for  the  United  States  to  effect  a  passage  from  the  Mexican 
Gulf  to  the  Pacific  Ocean ;  and  I  am  certain  that  they  will 
do  it.  .  .  .  I  should  like  to  see  another  thing — a 
junction  of  the  Danube  and  the  Rhine ;  but  this  undertak- 
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ing  is  so  gigantic  that  I  have  grave  doubts  of  its  comple- 
tion. .  .  .  And,  thirdly  and  lastly,  I  should  wish  to 
see  England  in  possession  of  a  canal  through  the  Isthmus 
of  Suez.  Would  I  could  live  to  see  these  three  great  works. 
It  would  be  well  worth  the  trouble  to  last  some  fifty  years 
more  for  this  very  purpose!" 

While  the  reports  of  Nelson  and  Humboldt  revived  the 
interest  of  the  commercial  world  in  a  canal,  Spain  from  other 
motives  again  took  up  the  subject  in  1814;  feeling  that  its 
influence  in  its  Central  American  colonies  was  waning,  it  con- 
cluded that  something  had  to  be  done  to  secure  a  closer  union 
with  the  mother  country.  Consequently,  the  Spanish  Cortes 
passed  a  formal  decree  for  the  construction  of  a  canal  through 
the  Isthmus  for  vessels  of  the  largest  size,  and  made  provision 
for  the  formation  of  a  company  to  carry  through  the  enter- 
prise. No  results  followed,  and  Spain's  opportunity  to  open  a 
highway  to  the  commerce  of  the  world  terminated  in  1823,  when 
the  last  of  her  Central  and  South  American  provinces  succeeded 
in  establishing  their  independence.  A  combination  of  the  Cen- 
tral American  provinces  resulted,  in  1823,  in  the  formation  of 
the  Federal  Republic  of  the  United  Provinces  of  Central 
America. 

In  1825  the  Republic  of  Central  America  called  the  atten- 
tion of  the  United  States  to  the  subject  of  an  Isthmian  canal, 
requesting  the  cooperation  of  the  American  people,  in  order 
that  they  might  share,  not  only  in  the  merit  of  the  enterprise, 
but  also  in  the  great  advantages  which  it  would  produce.  It 
was  later  proposed  to  hold  a  congress  of  different  nations  at 
Panama  in  1826,  and  President  Adams  appointed  commissioners 
to  represent  the  United  States.  In  his  letter  of  instructions  to 
the  commissioners,  the  President  expressed  the  opinion  that, 
should  the  work  be  executed,  the  benefits  of  it  ought  not  to  be 
appropriated  exclusively  to  any  one  nation,  but  should  be 
extended  to  all  parts  of  the  globe,  upon  the  payment  of  just 
compensation  or  reasonable  tolls.  The  Republic  of  Central 
America  did  not  await  action  on  the  part  of  the  United  States, 
for  on  June  16,  1826,  it  invited  proposals  for  the  construction 
of  an  Isthmian  canal,  and  entered  into  a  contract  with  Aaron 
H.  Palmer,  an  American,  who  endeavored  to  organize  a  eom- 
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pany  for  the  purpose,  but  was  unsuccessful.  In  1830,  the 
Eepublic  of  Central  America  attempted  to  have  a  Netherlands 
company  construct  a  canal  at  Nicaragua,  but  the  effort  failed. 

On  March  3,  1835,  the  United  States  Senate,  acting  on  a 
proposal  made  by  the  Central  American  Republic,  passed  a 
resolution  requesting  the  President  to  consider  the  expediency 
of  opening  negotiations  with  other  nations,  for  the  purpose  of 
protecting,  by  suitable  treaty  stipulations,  such  individuals  or 
companies  as  might  undertake  the  construction  of  a  canal,  and 
of  securing  forever  to  all  nations  the  free  and  equal  right  of 
navigating  it  on  the  payment  of  reasonable  tolls.  Under 
authority  of  this  resolution,  President  Jackson  sent  Charles 
Biddle  to  Nicaragua  and  Panama,  with  instructions  to  examine 
the  different  routes  that  had  been  considered  previously, 
whether  for  a  canal  or  a  railroad,  with  a  view  to  determining 
the  practicability  of  the  different  projects.  The  mission  led  to 
no  satisfactory  results,  and  on  January  9,  1837,  a  message  was 
sent  to  the  Senate,  that  it  was  not  expedient  at  that  time  to 
enter  into  negotiations  with  foreign  governments  with  reference 
to  the  subject. 

In  January,  1838,  Aaron  Clark,  mayor  of  New  Tork  City, 
together  with  other  influential  citizens,  memorialized  Congress 
in  the  interest  of  a  canal  joining  the  two  oceans,  urging  the 
great  importance  of  such  a  connection,  and  recommending  that 
negotiations  be  opened  between  New  Granada,  Central  America, 
and  the  great  powers  of  Europe,  for  the  purpose  of  entering 
into  a  general  agreement  for  the  promotion  of  the  project.  The 
memorial  was  considered  by  the  House  of  Representatives, 
resulting  in  a  report  which,  while  recognizing  the  value  that 
such  a  connection  between  the  oceans  would  have,  recom- 
mended no  action  except  to  request  the  President  to  open  or 
to  continue  negotiations  with  foreign  nations,  according  to 
the  terms  of  the  previous  Senate  resolution.  President  Van 
Buren  sent  another  agent  to  the  Isthmus,  Mr.  John  L.  Stephens, 
who  recommended  the  Nicaragua  route  as  the  most  desirable, 
and  estimated  the  cost  of  a  canal  at  that  locality  at  $25,000,000, 
but  did  not  think  the  time  favorable  for  undertaking  such  a 
work,  because  of  the  unsettled  and  revolutionary  condition  of 
the  country. 
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While  the  United  States  was  conducting  these  various 
investigations,  efforts  were  made  to  secure  concessions  for 
canals,  and  examinations  made  to  determine  the  feasibility  and 
cost  of  different  projects.  Mexico,  in  1824,  appointed  a  com- 
mission to  investigate  the  Tehuantepec  route.  The  report  was 
unfavorable  to  a  canal,  because  of  the  great  difficulties  that 
would  be  encountered.  In  1826,  John  Bailey  was  sent  out  by  an 
English  company  to  survey  the  Nicaragua  route,  and  negotiated 
for  a  concession;  though  he  failed  in  his  main  purpose,  he 
remained  in  Central  America,  and,  in  1837,  while  employed  by 
President  Morazin,  determined  what  he  considered  the  best 
route  for  a  canal — extending  from  San  Juan  (now  Greytown) 
to  Lake  Nicaragua,  across  the  lake  to  Lajas,  and  thence  to  San 
Juan  del  Sur  on  the  Pacific.  In  1827,  J.  A.  Lloyd  was  com- 
missioned by  President  Bolivar  to  make  a  survey  of  the  Isthmus 
of  Panama,  in  order  to  ascertain  the  most  feasible  line  of  com- 
munication across  it,  for  road  or  canal.  He  spent  two  seasons 
in  exploring  the  country,  and  carried  his  line  of  levels  from 
Panama  to  La  Braja,  a  point  twelve  miles  from  the  mouth  of 
the  Chagres.  He  recommended  a  new  line  across  the  Isthmus, 
beginning  at  the  Bay  of  Limon,  thence  by  a  canal  to  the  Chag- 
res, up  the  river  to  a  favorable  situation  on  the  south  bank  of 
the  Trinidad  River,  thence  by  railroad  to  Panama  or  Chorrera. 
While  he  made  no  recommendation  favorable  to  a  canal,  he 
reported  that  if  the  time  ever  came  when  a  canal  across  the 
Isthmus  might  be  entertained,  the  Trinidad  River  would  prob- 
ably offer  the  most  favorable  route. 

The  Republic  of  New  Granada,  in  1838,  granted  a  conces- 
sion to  a  French  company  authorizing  the  construction  of 
macadamized  roads,  railroads,  or  canals,  across  the  Isthmus, 
with  Panama  as  the  Pacific  terminus.  The  company  spent  sev- 
eral years  in  making  explorations  and  presented  a  very  attrac- 
tive report  to  the  French  Government,  with  the  view  of  secur- 
ing its  aid  in  the  undertaking;  this  report  stated  that  a  pas- 
sage had  been  found  through  the  continental  divide,  which  was 
only  37  feet  above  sea  level  at  Panama.  The  representations 
were  so  surprising  that  in  September,  1843,  an  officer,  Napoleon 
Garella,  was  sent  to  investigate  the  practicability  of  cutting  a 
canal  across  the  Isthmus,  and  to  report  on  the  means  of  effect- 
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ing  it,  the  obstacles  to  be  overcome,  and  the  cost  of  the  work. 
He  favored  a  canal  as  the  only  adequate  means  of  communica- 
tion; the  route  proposed  started  at  Limon  Bay,  joined  the 
Chagres  below  Gatun,  with  a  tunnel  through  the  continental 
divide  at  elevation  134.5  feet  above  sea  level,  and  the  Pacific 
terminus  was  to  be  the  Bay  of  Vaca  de  Monte,  twelve  miles 
southwest  of  Panama.  Access  to  the  summit  level  was  to  be 
effected  by  eighteen  locks  on  the  Atlantic  slope,  and  sixteen 
on  the  Pacific,  water  to  be  furnished  through  canals  from  the 
Chagres.  The  estimated  cost,  with  the  tunnel,  was  fixed  at 
$25,000,000,  though,  if  an  open  cut  were  substituted  for  the 
tunnel  by  raising  the  cut  to  elevation  275  feet  above  sea  level, 
the  estimated  cost  was  placed  at  $28,000,000.  This  report  was 
a  disappointment  to  the  projectors;  the  French  government 
would  furnish  no  assistance,  and  the  concession  was  forfeited. 

The  settlement  of  the  Northwestern  boundary  question,  by 
which  the  United  States  came  into  possession  of  Oregon,  and 
the  termination  of  the  Mexican  War,  by  which  California  was 
added  to  the  Union,  followed  by  the  discovery  of  gold  in  the 
territory  recently  acquired,  brought  prominently  to  the  atten- 
tion of  the  American  people  the  question  of  transportation  via 
the  Isthmus.  Communication  overland  to  the  Pacific  Coast  was 
so  difficult  and  dangerous,  that  the  main  current  of  immigra- 
tion was  via  Cape  Horn.  To  make  the  newly  acquired  territory 
more  accessible,  lines  of  steamers  were  inaugurated  from  New 
York  to  the  Isthmus,  and  from  the  Isthmus  to  California  and 
Oregon,  but  the  passage  across  the  Isthmus  was  attended  with 
serious  personal  inconveniences  and  suffering,  as  well  as  exorbi- 
tant charges.  The  importance  of  making  a  connection  across 
the  Isthmus  aroused  the  Government  to  action,  and  arrange- 
ments were  made  for  a  treaty  with  New  Granada,  by  which  the 
right  of  transit  across  the  Isthmus  of  Panama  was  secured ;  the 
ratifications  were  exchanged  on  June  10,  1848. 

Before  this  date,  in  May,  1847,  the  Republic  of  New  Gran- 
ada granted  a  concession  to  an  association  of  Frenchmen,  rep- 
resented by  Mateo  Kline,  and  known  as  the  Panama  Company, 
the  exclusive  privilege  of  building  a  railroad  across  the  Isth- 
mus, and  operating  it  for  99  years,  to  be  counted  from  the  day 
of  the  completion  and  opening  of  the  road  to  public  use.    The 
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company  failed  to  comply  with  the  terms  of  its  contract,  which 
was  declared  forfeited. 

Subsequent  to  the  exchange  of  ratifications  of  the  treaty 
with  New  Granada,  efforts  were  made  to  negotiate  a  treaty  with 
Nicaragua,  to  secure  the  rights  of  transit  for  the  United  States 
and  its  citizens.  By  the  terms  of  the  convention  negotiated  by 
the  Charge  d 'Affaires  of  the  United  States,  Nicaragua  conferred 
on  the  United  States,  or  a  company  of  its  citizens,  the  exclusive 
right  to  construct  through  its  territory,  canals,  railways,  or  any 
kind  of  roads,  so  as  to  open  a  passage  and  communication  by 
land  or  water,  or  both,  between  the  Caribbean  Sea  and  the 
Pacific  Ocean.  In  return,  the  United  States  was  to  aid  and  pro- 
tect Nicaragua  in  all  defensive  wars  to  the  extent  of  protecting 
and  preserving  its  territorial  limits.  The  treaty  was  not 
approved  in  Washington,  and  the  Charge,  who  had  exceeded 
his  authority,  was  relieved. 

His  successor  arranged  a  treaty  upon  the  subject,  and  a 
contract  with  the  American,  Atlantic,  and  Pacific  Ship  Canal 
Company,  composed  of  Cornelius  Vanderbilt,  Joseph  L.  White, 
Nathaniel  Wolfe,  and  their  associates.  While  the  treaty  was 
not  ratified,  the  contract  was  protected  by  the  company  secur- 
ing articles  of  incorporation  from  Nicaragua.  By  the  terms 
of  the  contract,  the  company  had  the  exclusive  right  of  excavat- 
ing a  ship  canal  for  vessels  of  all  sizes  from  Greytown  to  any 
point  on  the  Pacific,  by  means  of  the  San  Juan  River,  Lake 
Nicaragua,  the  Tipitapa  River  and  Lake  Nicaragua,  or  any 
other  waters  within  its  jurisdiction.  It  also  gave  exclusive 
right  for  the  construction  of  rail  or  carriage  roads,  or  both. 

The  company  determined  that  there  should  be  a  careful 
instrumental  survey  made  from  ocean  to  ocean,  and  that  a  line 
of  location  should  be  determined.  Colonel  Orville  W.  Childs,  of 
Philadelphia,  was  appointed  chief  engineer,  and  took  charge  of 
the  work  in  August,  1850,  and  completed  it  in  March,  1852. 

Colonel  Childs,  after  the  completion  of  his  surveys,  reached 
the  conclusion  that  a  ship  canal  by  the  Nicaragua  route  was 
practicable  only  by  following  up  the  valley  of  the  San  Juan 
River  to  Lake  Nicaragua,  and  from  that  lake  either  southwest- 
erly along  a  line  through  some  valley  extending  across  the 
dividing  ridge,  or  northwesterly  up  the  River  Tipitapa  to  Lake 
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Managua,  thence  through  the  valley  extending  through  the 
head  of  that  lake  to  some  suitable  seaport  on  the  Pacific;  as 
between  these  two  routes,  an  examination  led  him  to  believe 
that  the  one  leading  from  the  lake  at  the  mouth  of  the  River 
Lajas,  up  the  eastern  slope  of  the  divide,  and  down  the  valley 
of  the  Rio  Grande  on  the  western  slope  to  the  Pacific,  pre- 
sented more  favorable  conditions  than  any  other  between  Lake 
Nicaragua  and  the  Pacific,  and  was  superior  to  any  route  by 
way  of  Lake  Managua.  His  project  has  been  the  basis  for  all 
subsequent  ones. 

At  the  request  of  the  company,  President  Fillmore  sub- 
mitted Colonel  Childs'  report  of  the  survey  and  location  to 
Colonel  J.  J.  Abert  and  Lieut.-Col.  W.  Turnbull,  United  States 
Topographical  Engineers,  for  their  inspection  and  opinion,  and 
they  reported  in  March,  1852,  that  the  plan  proposed  was  prac- 
ticable, but  recommended  some  changes  and  modifications. 
Nothing  further  was  done  by  the  American,  Atlantic,  and 
Pacific  Ship  Canal  Company  toward  the  construction  of  a  mari- 
time canal,  and  its  contract  was  forfeited. 

In  December,  1848,  an  exclusive  concession  was  granted  by 
New  Granada  to  William  H.  Aspinwall,  John  L.  Stephens,  and 
Henry  Chauncey,  for  the  construction  of  roads,  railroads,  or  a 
canal  across  the  Isthmus  of  Panama,  in  other  respects  some- 
what similar  in  its  provisions  to  the  Kline  concession.  The 
Panama  Railroad  Company  was  organized  under  the  laws  of 
New  York,  and  construction  was  begun  in  1850.  After  coping 
successfully  with  various  financial  and  physical  difficulties,  the 
road  was  opened  from  Aspinwall  (now  Colon),  to  Panama,  in 
1855.  While  this  made  the  passage  of  the  Isthmus  easier,  it 
did  not  abate  the  desire  for  a  canal,  and  explorations  were  made 
for  developing  the  possibilities  of  the  various  routes  that  had 
been  proposed  from  time  to  time.  No  less  than  nineteen  dif- 
ferent routes  had  been  suggested  and  received  more  or  less 
attention.  Of  these,  the  Tehuantepec,  Nicaragua,  Panama,  and 
Darien  projects  were  the  most  important,  and  the  Nicaragua 
route  was  the  principal  rival  of  that  via  Panama  for  over  thirty 
years. 

With  the  construction  of  the  Panama  Railroad,  its  conces- 
sion was  respected,  and  the  subsequent  investigations  extended 
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from  Panama  to  the  Atrato  River,  three  general  lines  being 
examined — the  San  Bias,  the  Caledonia  Bay  and  Atrato  routes. 

In  1869  General  Grant  became  President,  and  in  his  first 
message  to  Congress  he  recommended  an  American  canal,  on 
American  soil,  by  the  American  people.  Congress  responded 
promptly  to  this  sentiment,  and  a  resolution  was  passed  pro- 
viding for  further  explorations  of  the  Isthmus  by  officers  of 
the  Navy,  and  Admiral  Ammen,  Chief  of  the  Bureau  of  Naviga- 
tion, organized  and  sent  out  expeditions  for  that  purpose.  In 
March,  1872,  a  further  resolution  was  adopted  for  the  appoint- 
ment of  a  commission,  to  consider  the  results  of  the  explora- 
tions and  to  obtain  from  other  reliable  sources  all  of  the  avail- 
able information  regarding  the  practicability  of  the  construc- 
tion of  a  canal  across  the  American  continent.  The  President 
appointed  on  this  interoceanic  canal  commission,  General  A.  A. 
Humphreys,  Chief  of  Engineers,  U.  S.  Army,  C.  P.  Patterson, 
Superintendent  of  the  Coast  Survey,  and  Commodore  Daniel 
Ammen,  Chief  of  the  Bureau  of  Navigation,  U.  S.  Navy.  Exami- 
nations were  made  of  the  Tehuantepec,  the  Nicaragua,  the 
Panama,  the  Darien,  the  Atrato  Valley,  the  San  Bias,  and  the 
Caledonia  routes,  and  in  February,  1876,  they  unanimously 
reported  in  favor  of  the  Nicaragua  route,  as  possessing  greater 
advantages  and  fewer  difficulties,  from  an  engineering,  com- 
mercial and  economic  point  of  view,  than  any  one  of  the  other 
routes  shown  to  be  practicable  by  the  surveys. 

While  the  interoceanic  canal  commission  was  examining 
into  the  merits  of  the  different  canal  routes,  a  geographical  con- 
gress was  held  in  Antwerp  at  which  an  interoceanic  canal 
received  much  attention,  and  in  1876  General  Turr  sent  Antho- 
ine  Gorgoza  to  make  explorations  for  a  canal.  Gorgoza,  repre- 
senting himself  as  the  agent  of  a  French  company,  secured  a 
hearing  before  the  Colombian  Congress,  and  obtained  a  con- 
cession for  a  canal  by  the  Atrato  route,  which  he  took  to  Paris. 
As  a  result  of  his  representations,  a  corporation  called  "La 
Societe  Civile  Internationale  du  Canal  Interoceanique "  was 
organized,  in  1876,  for  the  promotion  of  a  canal  on  the  lower 
Isthmus,  with  General  Etienne  Turr  as  its  president,  to  make 
surveys  and  explorations  for  a  ship  canal  across  the  Isthmus  of 
Panama.      Count  Ferdinand   de   Lesseps,   builder  of  the   Suez 
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Canal,  was  also  interested  in  the  company,  and,  on  his  advice, 
Lieutenant  Wyse  went  to  the  Isthmus  and  explored  the  Atrato- 
Tuyra  route  proposed  by  Gorgoza,  but,  finding  it  impracticable, 
he  decided  to  report  in  favor  of  a  modification  of  it  from  the 
Tuyra  River  to  Acanti  Bay.  The  report  was  not  satisfactory  to 
de  Lesseps,  who  urged  Lieutenant  Wyse  to  return  for  further 
exploration,  which  he  did  in  1877,  accompanied  by  Lieutenant 
Armand  Raclus.  They  first  examined  the  San  Bias  route,  and 
finding  it  more  impracticable  than  Wyse's  route,  they  proceeded 
to  Panama.  Raclus  undertook  the  survey  of  the  route,  while 
Wyse  went  to  Bogota  and  secured  a  concession  for  a  canal  any- 
where on  the  Isthmus,  provided  he  or  his  company  could  make 
satisfactory  arrangements  with  the  Panama  Railroad  Company, 
which  was  subsequently  accomplished.  It  was  also  stipulated  in 
the  concession  that  the  route  of  the  canal  should  be  determined 
by  an  international  commission  of  individuals  and  competent 
engineers. 

Wyse  and  Raclus  returned  to  Paris  in  1878  and  made  a 
favorable  report  on  the  Panama  route  to  the  Societe  Civile. 
Under  the  presidency  of  M.  de  Lesseps,  a  "Congres  Interna- 
tional d 'Etudes  de  Canal  Interoceanique"  was  invited  to 
assemble  in  Paris  in  1879,  to  consider  and  pass  definitely  upon 
the  whole  question.  This  congress  consisted  of  135  delegates, 
and  was  composed  of  lawyers,  bankers,  promoters,  and  scien- 
tists, most  of  them  favorably  disposed  toward  M.  de  Lesseps, 
who  had  attained  such  success  at  the  Suez  Canal.  The  route 
proposed  by  the  plans  prepared  by  Wyse  and  Raclus  contem- 
plated a  sea  level  canal  28  feet  deep  and  a  ruling  bottom  width 
of  72  feet.  Leaving  Colon,  the  canal  passed  through  low 
ground  to  the  valley  of  the  Chagres  at  Gatun,  a  distance  of 
about  six  miles ;  thence  through  this  valley  for  21  miles  to  the 
mouth  of  the  Obispo,  where,  leaving  the  Chagres,  it  followed 
the  valley  of  the  Obispo,  passed  through  the  continental  divide 
at  Culebra  by  means  of  a  tunnel,  and  reached  the  Pacific 
through  the  valley  of  the  Rio  Grande.  The  difference  in  tides 
of  the  two  oceans  was  to  be  overcome  by  the  proper  sloping  of 
the  bottom  of  the  Pacific  portion  of  the  canal. 

The  congress  was  divided  into  five  large  committees,  to 
consider,   (1)   Statistics;   (2)   Economic  and  commercial  ques- 
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tions;  (3)  Navigation;  (4)  Technical  questions;  and  (5)  Ways 
and  means.  The  technical  committee  discussed  the  plans  of 
the  canal,  and  apparently  the  discussions  were  long  and  some- 
times heated.  M.  de  Lesseps,  for  some  time  before  the  meeting 
of  the  congress,  advocated  a  sea  level  canal,  would  listen  to 
nothing  else,  and  opposition  to  his  views  was  manifested  mainly 
by  abstaining  from  voting.  Thus,  at  the  time  of  formulating 
the  opinion  of  the  technical  committee,  forty  members  absented 
themselves,  ten  refrained  from  voting,  and  only  nineteen  voted, 
sixteen  of  whom  favored  the  sea  level  canal.  The  decision  was : 
"that  the  route  of  the  interoceanic  canal  should  be  from  the 
Gulf  of  Limon  to  the  Bay  of  Panama,  and  particularly  recom- 
mends the  construction  of  a  ship  canal  at  sea  level  in  that 
direction".  When  the  question  was  decided  by  the  congress, 
thirty-seven  members  were  absent,  ten  abstained  from  voting, 
and  there  were  78  ayes  and  8  noes  for  the  sea  level  plan. 

It  is  interesting  to  note  that  a  plan  submitted  to  the  tech- 
nical committee  by  Godin  de  Lepinay  proposed  a  dam  across  the 
valley  of  the  Chagres  at  Gatun,  thereby  creating  an  interior 
lake  of  sufficient  height  to  absorb  the  waters  of  the  Chagres, 
the  difference  in  level  being  overcome  by  a  flight  of  five  locks 
on  either  side,  with  an  additional  lock  on  the  Pacific  side  because 
of  the  tidal  variations.  The  level  of  the  lake  was  to  be  "  a  little 
below  the  height  of  the  highest  waters,  and  we  get  rid  of  the 
Chagres,  whose  presence  near  the  trenches  constitutes  an 
increase  of  expense  and  a  considerable  augmentation  of  the 
time  required  for  the  work."  This  project  would  reduce  very 
materially  the  amount  of  excavation,  Which  was  regarded  not 
only  as  the  greatest  difficulty,  but  also  the  greatest  danger  to 
health,  with  respect  to  which  it  was  noted  that  "it  is  very 
dangerous  to  the  health  of  the  men  employed  in  the  works  to 
dig  up  the  earth".  The  cost  both  in  time  and  money  was  also 
less.  Those  who  favored  this  plan  advocated  strongly  its  adop- 
tion, because  "it  is,  we  repeat,  the  most  natural  method,  because 
it  does  away  with  the  labor  and  with  the  unhealthiness  of  the 
soil,  and  because  it  is  most  advantageous  to  navigation". 

The  estimate  proposed  for  the  sea  level  canal  Was  $240,- 
000,000  and  completion  in  twelve  years'  time.  While  these 
were  considered  low  by  the  members  of  the  technical  committee, 
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M.  de  Lesseps  considered  them  too  high,  and  expressed  himself 
as  fully  convinced  that  with  a  good  and  judicious  organization 
the  work  could  be  finished  for  $131,600,000  and  within  eight 
years'  time. 

As  a  result  of  the  International  Congress,  "La  Compagnie 
Universelle  du  Canal  Interoeeanique  de  Panama",  known  in 
the  United  States  as  the  Panama  Canal  Company,  was  organ- 
ized in  1881,  with  Ferdinand  de  Lesseps  at  its  head,  to  con- 
struct a  sea  level  canal  along  the  proposed  route.  The  plan  was 
modified  by  an  open  cut  in  lieu  of  a  tunnel  through  the  conti- 
nental divide,  and  a  tidal  lock  on  the  Pacific  slope.  Various 
schemes  were  proposed  for  the  control  of  the  Chagres,  the  most 
promising  being  the  construction  of  a  dam  at  Gramboa  and  the 
excavation  of  independent  channels  to  the  sea.  The  dam  was 
decided  subsequently  to  be  impracticable,  and  the  problem 
remained  unsolved. 

The  concession  secured  by  Lieutenant  Wyse  was  purchased 
by  the  company,  and  the  construction  of  a  canal  was  begun. 
The  work,  as  it  was  carried  forward,  was  not  commensurate 
with  completion  in  eight  years'  time,  and  in  1885  and  in  1886 
the  engineers  pointed  out  the  difficulties  of  the  situation,  and 
proposed  solutions  that  could  be  accomplished  more  speedily 
and  at  less  expense.  Public  suspicion  had  been  aroused ;  money 
was  difficult  to  procure;  consequently  it  was  necessary  to  make 
an  effort  to  restore  the  confidence  of  the  public. 

In  his  report  to  the  stockholders  of  the  company  in  1887, 
M.  de  Lesseps  announced  the  intention  to  seek  a  more  speedy 
solution,  such  as  would  make  it  possible,  without  abandoning 
the  plan  of  a  canal  at  sea  level,  to  open  a  temporary  one  for 
operation  at  the  appointed  time.  In  the  latter  part  of  that  year 
a  temporary  canal,  with  locks,  was  adopted,  to  be  opened  in 
1891.  The  line  followed  the  route  that  had  already  been 
accepted,  and  a  summit  level  was  fixed  at  159  feet  above  the 
sea,  to  be  supplied  with  water  from  the  Chagres  by  means  of 
pumps.  These  changes  did  not  restore  sufficient  confidence  to 
obtain  the  necessary  finances,  and  legislation  was  secured  for 
the  issue  of  lottery  bonds.  This  method  of  financing  the  scheme 
was  not  successful,  and  the  company  passed  into  the  hands  of 
a  receiver  in  February,  1889. 
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"While  arrangements  were  making  for  the  Panama  Canal 
by  the  French  Company,  Mr.  James  B.  Eads,  in  1881,  endeav- 
ored to  carry  out  his  project  for  a  ship  railway  by  the  Tehuan- 
tepec  route,  and  obtained  a  charter  from  Mexico  for  its  con- 
struction. An  effort  was  made  to  secure  Congressional  aid,  but 
without  success. 

In  December  of  1884  a  treaty  was  negotiated  between  the 
United  States  and. Nicaragua,  for  the  construction  of  a  canal 
by  the  former,  to  be  owned  by  the  two  contracting  parties. 
While  the  treaty  was  pending  in  the  Senate  in  1885,  it  was 
withdrawn  by  the  President  for  the  reason  that  the  perpetual 
alliance  with  Nicaragua  which  the  treaty  proposed,  as  well  as 
the  protection  of  the  integrity  of  the  territory  of  that  state, 
was  contrary  to  the  policy  of  the  United  States. 

In  1887,  Nicaragua  granted  a  concession  to  Mr.  A.  G. 
Menocal  and  others,  for  the  construction  of  a  ship  canal  from 
Greytown  to  Brito,  and,  as  the  canal  would  affect  the  territory 
of  Costa  Rica  also,  a  like  concession  was  secured  from  this 
republic  in  1888.  The  Maritime  Canal  Company  of  Nicaragua 
was  organized  and  incorporated  by  the  Congress  in  1889,  for 
the  construction  of  the  canal.  Actual  construction  was  begun 
in  October  of  1889  and  was  continued  for  over  three  years,  but 
comparatively  little  was  accomplished.  Work  was  suspended 
during  1893.  Several  attempts  were  made  to  secure  Govern- 
ment aid,  but  without  success.  While  a  bill  for  this  purpose, 
after  its  passage  by  the  Senate  in  1895,  was  pending  in  the 
House  of  Representatives,  where  it  subsequently  failed,  an 
amendment  was  made  to  the  Sundry  Civil  Bill  which  provided 
for  a  board  of  three  officers,  one  from  the  Army,  one  from  the 
Navy,  and  one  from  civil  life,  to  make  a  personal  investigation, 
and  to  examine  the  "plans,  profiles,  sections,  prisms  and  speci- 
fications" for  the  various  parts  of  Memocal's  plans  for  the  Nic- 
aragua canal,  for  the  purpose  of  ascertaining  "the  feasibility, 
permanence,  and  cost  of  construction  and  completion  of  the 
canal".  The  board  appointed  consisted  of  Lieutenant-Colonel 
William  Ludlow,  Corps  of  Engineers,  U.  S.  Army,  Civil  Engi- 
neer M.  T.  Endicott,  U.  S.  Navy,  and  Alfred  Noble,  Civil  Engi- 
neer. The  board  found  it  impracticable,  within  the  time  fixed 
by  law  and  with  the  limited  means  appropriated  for  its  work, 
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to  make  a  full  and  thorough  examination  of  the  route  and 
obtain  the  necessary  data  for  a  final  project,  and  recommended 
that  further  explorations  be  undertaken  and  observations  made, 
to  collect  the  information  and  data  necessary  for  the  canal  proj- 
ect, so  as  to  determine  the  final  location  and  cost  of  the  work. 
The  board  submitted,  however,  a  tentative  estimate  of  cost. 

After  the  failure  of  the  Panama  Canal  Company  steps 
were  taken  to  reorganize,  with  a  view  to  carrying  forward  the 
work,  but,  as  the  original  concession  had  nearly  expired,  appli- 
cation was  made  to  secure  its  renewal,  and  an  extension  of  ten 
years  from  April  4,  1893,  was  granted,  which  later  was  extended 
to  October  31,  1910.  The  company  called  to  its  assistance  a 
technical  committee  composed  of  fourteen  engineers,  European 
and  American,  to  study  all  the  data  available,  which  recom- 
mended the  lock  type  of  canal  composed  of  three  levels,  one  of 
them  an  artificial  lake  to  be  created  by  a  dam  at  Bohio,  to  be 
reached  from  the  Atlantic  by  a  flight  of  two  locks,  and  another 
a  summit  level,  to  be  reached  by  a  second  flight  of  two  locks. 
The  bottom  of  the  summit  level  was  to  be  68  feet  above  the  sea, 
supplied  with  water  by  a  feeder  leading  from  an  artificial  reser- 
voir created  by  a  dam  to  be  constructed  at  Alhajuela.  The  ascent 
on  the  Pacific  side  was  to  be  by  four  locks,  of  which  the  two 
middle  ones  were  combined  in  a  flight.  The  canal  was  to  have 
a  depth  of  29%  feet  and  a  bottom  width  of  not  less  than  98 
feet.  A  second  plan  was  submitted  (a  modification  of  the  first 
by  the  omission  of  the  upper  level) ,  but  this  was  not  advocated 
or  accepted,  because  of  the  additional  time  that  would  be 
required  for  the  construction,  which  it  was  deemed  desirable  to 
avoid. 

Carrying  out  the  recommendations  of  the  board  organized 
under  the  Sundry  Civil  Act  of  1895,  Congress  appropriated  by 
the  Act  of  June  4,  1897,  funds  to  "continue  the  surveys  and 
examinations  authorized  by  the  Act  approved  March  2,  1895, 
into  the  proper  route,  feasibility,  and  cost  of  construction  of 
the  Nicaragua  canal,  with  a  view  to  making  complete  plans  for 
the  entire  work  of  construction  of  such  canal  as  therein  pro- 
vided". The  President  appointed  Admiral  John  G.  Walker, 
tT.  S.  Navy,  Captain  Oberlin  M.  Carter,  Corps  of  Engineers, 
U.  S.  Army,  whom  he  replaced  on  October  18  by  Colonel  Peter 
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C.  Hains,  Corps  of  Engineers,  U.  S.  Army,  and  Professor  Lewis 
M.  Haupt,  to  constitute  the  commission  required  by  the  law. 
This  board  submitted  its  report  in  May,  1899,  with  the  neces- 
sary detailed  data  and  estimates  for  the  construction  of  the 
Nicaragua  canal. 

Both  of  these  commissions  were  appointed  for  the  purpose 
of  examining  into  the  Nicaragua  route  only,  but,  prior  to  the 
submission  of  its  report  by  this  later  commission,  the  Act  of 
March  3,  1899,  authorized  the  President  to  make  a  full  and 
complete  investigation  of  the  Isthmus  of  Panama,  with  a  view 
to  the  construction  of  a  canal,  as  well  as  to  make  investigation 
of  any  and  all  practicable  routes  for  a  canal  across  the  Isthmus 
of  Panama,  investigating  particularly  the  Nicaragua  route  and 
the  Panama  route  with  a  view  to  determining  the  most  prac- 
ticable and  feasible  route  for  a  canal  connecting  the  Atlantic 
and  Pacific  Oceans,  together  with  the  approximate  and  prob- 
able cost  of  construction  of  a  canal  by  each  of  the  two  or  more 
said  routes. 

In  compliance  with  this  Act  the  President  appointed 
Admiral  J.  G-.  Walker,  U.  S.  Navy,  Samuel  Pasco,  Alfred  Noble, 
Geo.  S.  Morison,  Colonel  Peter  C.  Hains,  Corps  of  Engineers, 
U.  S.  Army,  Professor  Wm.  H.  Burr,  Lieutenant-Colonel  0.  H. 
Ernst,  Corps  of  Engineers,  U.  S.  Army,  Professor  Lewis  M. 
Haupt,  and  Emory  R.  Johnson,  as  a  commission  to  carry  out 
the  wishes  of  the  Congress  as  expressed  by  the  Act.  This  board 
submitted  its  report  on  November  16,  1901.  "With  regard  to 
the  choice  of  routes,  the  board  reported:  "There  are  certain 
physical  advantages,  such  as  shorter  canal  line,  a  more  complete 
knowledge  of  the  country  through  which  it  passes,  a  lower  cost 
of  maintenance  and  operation,  in  favor  of  the  Panama  route, 
but  the  price  fixed  by  the  Panama  Canal  Company  for  a  sale 
of  its  property  and  franchises  is  so  unreasonable  that  its  accep- 
tance cannot  be  recommended  by  this  commission.  After  con- 
sidering all  the  facts  developed  by  the  investigations  made  by 
the  commission,  and  having  in  view  the  terms  offered  by  the 
New  Panama  Canal  Company,  this  commission  is  of  the  opinion 
that  'the  most  practicable  and  feasible  route'  for  an  Isthmian 
canal  to  be  'under  the  control,  management  and  ownership  of 
the  United  States',  is  that  known  as  the  Nicaragua  route". 
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In  arriving  at  this  conclusion  the  price  fixed  by  the  New 
Panama  Canal  Company  was  $109,141,500.  The  board  was  of 
the  opinion  that  the  value  of  the  French  property  to  the  United 
States  was  $40,000,000,  and  had  this  figure  been  acceptable  the 
report  leaves  no  doubt  that  the  recommendation  of  the  board 
would  have  been  different.  Because  of  lack  of  funds  the  New 
Panama  Canal  Company  could  not  carry  the  work  to  comple- 
tion, and  their  only  hope  for  any  return  for  the  investment  was 
from  the  United  States;  under  these  circumstances,  the  com- 
pany, on  January  4,  1902,  declared  itself  ready  to  transfer  to 
the  United  States  its  properties  and  concessions  on  the  pay- 
ment of  $40,000,000.  This  put  a  new  phase  on  the  situation, 
and  the  Isthmian  Canal  Commission  was  called  together, 
changed  its  previous  recommendation,  and  on  January  18, 1902, 
reported  that  "conditions  that  now  exist  and  all  the  facts  and 
circumstances  upon  which  its  present  judgment  must  be  based, 
the  commission  is  of  the  opinion  that  'the  most  practicable  and 
feasible  route'  for  an  Isthmian  canal,  to  be  under  'the  control 
and  management  and  ownership  of  the  United  States',  is  that 
known  as  the  Panama  route". 

The  plan  adopted  by  the  Isthmian  Canal  Commission  of 
1899-1901  for  the  Panama  route  was  for  a  summit-level  canal. 
The  report  sets  forth  that  the  control  of  the  Chagres  was  the 
greatest  natural  difficulty  to  be  encountered,  and  "if  a  sea 
level  canal  be  constructed,  either  the  canal  itself  must  be  made 
of  such  dimensions  that  maximum  floods,  modified  to  some 
extent  by  a  reservoir  in  the  upper  Chagres,  could  pass  down  its 
channel  without  injury,  or  independent  channels  must  be  pro- 
vided to  carry  off  these  floods.  .  .  .  While  such  a  plan 
would  be  physically  practicable,  and  might  be  adopted  if  no  other 
solution  were  available,  the  difficulties  of  all  kinds,  and  espe- 
cially those  of  time  and  cost,  would  be  so  great  that  a  canal 
with  a  summit  level  reached  by  locks  is  to  be  preferred".  The 
summit  level  was  to  be  created  by  a  dam  at  Bohio  which  would 
form  a  lake,  the  normal  elevation  of  which  was  fixed  at  85  feet 
above  sea  level,  but  fluctuating  between  82  and  90  feet,  and  regu- 
lated by  a  spillway  2000  feet  wide  near  the  headwaters  of  the 
Rio  Gigante,  a  tributary  of  the  Chagres.  The  difference  of 
level  was  to  be  overcome  by  a  flight  of  two  locks  at  Bohio,  with 
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a  total  lift  of  82  feet,  at  the  minimum  level  of  the  lake,  to  90 
feet  at  the  maximum.  On  the  Pacific  slope  a  flight  of  two  locks 
was  placed  at  Pedro  Miguel,  with  a  lift  varying  from  54  to  62 
feet,  and  a  lock  at  Miraflores,  with  a  lift  varying  from  8  feet 
at  high  tide  to  38  feet  at  mean  low  tide.  The  locks  were  in 
duplicate,  740  feet  long  in  the  clear,  84  feet  wide,  and  35  feet 
deep.  The  ruling  bottom  width  of  the  canal  was  150  feet,  and 
for  purposes  of  estimates  the  side  slopes  were  3  to  1,  except  in 
Culebra  Cut,  where  the  slopes  were  1  on  1 ;  the  minimum  depth 
of  35  feet  was  adopted  for  the  canal.  The  entrance  channel 
from  the  six-fathom  curve  in  Limon  Bay  to  Cristobal  Point  had 
a  width  of  500  feet,  while,  from  the  Panama  Railroad  pier  at 
La  Boca  to  deep  water  in  the  Pacific,  the  channel  width  was 
fixed  at  200  feet.  It  will  be  noted  that  these  proposed  plans 
followed  closely  the  second  project  considered  by  the  New 
Panama  Canal  Company.  The  estimated  cost  of  the  canal  was 
$144,233,358,  exclusive  of  the  cost  of  the  French  property. 

By  an  Act  of  Congress  approved  June  28,  1902,  commonly 
known  as  the  Spooner  Act,  the  President  was  authorized  to 
acquire,  at  a  cost  not  to  exceed  $40,000,000,  the  rights,  privi- 
leges, franchises,  concessions,  and  other  property  owned  by  the 
New  Panama  Canal  Company,  and  to  secure  from  the  Republic 
of  Colombia,  upon  such  terms  as  he  might  deem  reasonable,  the 
perpetual  control  of  a  strip  of  land,  not  less  than  six  miles  in 
width,  across  the  Isthmus  between  the  seas,  with  the  right  to 
maintain  and  operate  perpetually  the  Panama  Railroad  Com- 
pany, should  the  United  States  acquire  the  ownership  or  con- 
trolling interest.  Assuming  that  satisfactory  arrangements 
could  be  made  with  the  Republic  of  Colombia,  and  that  the 
property  of  the  New  Panama  Canal  Company  could  be  pur- 
chased at  the  price  mentioned,  the  President  was  then  author- 
ized to  construct  a  canal,  which  was  to  be  of  sufficient  capacity 
and  depth  for  vessels  of  the  largest  tonnage  and  the  greatest 
draft  in  use  or  that  might  be  reasonably  anticipated.  Should 
the  President  be  unable  to  obtain  a  satisfactory  title  to  the  New 
Panama  Canal  Company's  property,  or  secure  the  necessary 
territorial  control  from  the  Republic  of  Colombia,  within  a 
reasonable  time  and  at  a  reasonable  cost,  then  he  should 
endeavor  to  secure  such  control  and  jurisdiction  from  Costa 
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Rica  and  Nicaragua,  and  construct  the  canal  by  the  Nicaragua 
route. 

A  satisfactory  treaty  for  the  accomplishment  of  the  pur- 
poses mentioned  in  the  Act  was  arranged  between  the  govern- 
mental authorities  of  the  United  States  and  Colombia,  but  sub- 
,  sequently  failed  of  ratification  by  the  legislative  body  of  Colom- 
bia. The  secession  of  the  Province  of  Panama  and  the  estab- 
lishment of  an  independent  Republic  followed.  The  indepen- 
dence of  the  new  Republic  was  recognized  by  the  United  States, 
and  a  treaty  was  made  by  which  the  United  States  obtained  the 
control  and  jurisdiction  over  a  strip  of  land  ten  miles  wide, 
measured  five  miles  on  either  side  of  the  center  line  of  the  pro- 
posed canal  across  the  Isthmus  of  Panama.  The  French  prop- 
erty was  purchased  for  the  sum  stipulated,  including  a  con- 
trolling interest  in  the  Panama  Railroad,  which  by  the  terms 
of  the  treaty  passed  to  the  control  of  the  United  States. 

In  considering  the  legislation  under  which  the  construc- 
tion of  a  canal  was  authorized,  and  the  amount  of  the  bond 
issue,  there  is  no  doubt  that  the  canal  was  to  be  in  accord  with 
the  plans  submitted  by  the  Commission  of  1899-1901;  yet, 
shortly  after  the  United  States  took  possession  on  May  8,  1904, 
the  question  of  a  sea  level  versus  a  lock  canal  was  agitated,  and 
took  such  a  hold  upon  the  public  imagination  that  the  President 
convened  a  board  of  engineers  to  consider  the  entire  subject. 
This  board  consisted  of  General  George  W.  Davis,  Alfred 
Noble,  William  Barclay  Parsons,  William  H.  Burr,  General 
Henry  L.  Abbot,  Frederick  P.  Stearns,  Joseph  Ripley,  Isham 
Randolph,  William  Henry  Hunter  (nominated  by  the  British 
Government),  Eugen  Tincauzer  (nominated  by  the  German 
Government),  Adolph  Guerard  (nominated  by  the  French  Gov- 
ernment), E.  Quellenac  (consulting  engineer  of  the  Suez  Canal), 
and  J.  W.  Welcker  (nominated  by  the  Government  of  the  Neth- 
erlands) .  The  board  submitted  its  report  on  February  5,  1906 ; 
a  majority,  eight  in  number,  favored  the  sea  level  canal,  and  a 
minority,  five  in  number  (Alfred  Noble,  General  Henry  L. 
Abbot,  Frederick  P.  Stearns,  Joseph  Ripley  and  Isham  Ran- 
dolph) favored  the  lock  type  of  canal. 

The  advocates  of  the  sea  level  project  proposed  to  control 
the  Chagres  River  by  means  of  a  dam  at  Gamboa,  the  floods  to 
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escape  through  sluiceways  constructed  in  the  bottom  of  the  dam, 
and  at  such  a  rate  as  not  to  make  objectionable  currents  in  the 
canal.  A  tidal  lock,  1000  feet  in  length  in  the  clear,  and  100 
feet  wide,  at  Sosa  Hill,  in  the  vicinity  of  the  Pacific  entrance, 
was  to  be  constructed.  The  depth  of  water  in  the  canal  was 
fixed  at  40  feet,  with  a  bottom  width  varying  from  150  feet  in 
earth  or  soft  material  to  200  feet  through  rock.  Through  the 
continental  divide  the  sides  of  the  canal  were  to  have  slopes  of 
10  on  1  to  10  feet  above  sea  level,  with  berms  of  45  feet  on 
either  side,  then  slopes  of  3  on  2  to  the  top  of  the  cutting. 

The  plan  for  the  lock  type  proposed  the  creation  of  inte- 
rior lakes  by  dams  across  the  Chagres  River  valley  at  Gatun 
and  the  Eio  Grande  valley  on  the  Pacific  side.  In  the  former 
case,  the  normal  level  of  the  lake  was  fixed  at  85  feet  above  sea 
level,  while  the  lake  created  by  the  dams  on  the  Pacific  side 
would  be  held  at  55  feet  above  the  sea.  The  enormous  summit 
lake,  164  square  miles  in  area,  would  absorb  the  floods  of  the 
Chagres  and  its  tributaries,  and  regulation  was  secured  by 
means  of  a  spillway  constructed  nearly  midway  the  length  of 
the  dam,  capable  of  discharging  the  maximum  floods  that  were 
liable  to  occur.  A  channel  of  500  feet  bottom  width  extended 
from  Limon  Bay  to  Gatun,  with  a  depth  of  41  feet  at  mean  tide 
(tidal  variation  2  feet),  where  a  flight  of  three  locks  overcame 
the  difference  of  level  between  the  lake  and  the  sea.  The  channel 
through  the  continental  divide,  or  Culebra  Cut,  was  given  a 
bottom  width  of  200  feet. 

On  the  Pacific  side,  one  lock  was  placed  at  Pedro  Miguel 
with  a  lift  of  30  feet,  and  the  dams  on  the  Pacific  side  extended 
from  Sosa  to  Corozal,  from  Sosa  to  San  Juan  Hills,  and  from 
Corozal  to  Diablo  Hill.  Descent  to  the  Pacific  was  made  by  a 
flight  of  two  locks ;  from  these  locks  to  deep  water  in  the  Pacific 
was  a  dredged  channel  of  500  feet  bottom  width,  with  a  depth 
of  45  feet  at  mean  tide  (variation  20  feet) . 

Between  Gatun  and  Pedro  Miguel  locks  the  minimum 
depth  was  45  feet,  with  bottom  widths  of  channel,  starting  from 
Gatun  locks,  of  1000  feet  for  15.69  miles,  800  feet  for  a  dis- 
tance of  3.86  miles,  500  feet  for  3.75  miles,  300  feet  for  1.55 
miles,  and  200  feet  through  the  central  mass  called  Culebra, 
broadening  out  again  to  300  feet  for  1.88  miles  north  of  Pedro 
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Miguel;  after  passing  through  the  locks  at  this  locality  the 
channel  was  fixed  at  500  feet  bottom  width  for  1.64  miles, 
increasing  to  1,000  feet  for  the  remaining  distance  of  3.38  miles 
to  the  Sosa  locks.  The  dimensions  of  the  locks  were  fixed  at 
a  usable  length  of  900  feet,  width  95  feet,  and  depth  on  the 
mitre  sills  of  40  feet.  Breakwaters  nearly  parallel  with  the  chan- 
nel were  projected,  for  protecting  the  channel  through  Limon 
Bay  against  storms. 

Gatun  dam  as  projected  was  7,700  feet  long,  2,625  feet 
wide  at  the  bottom,  100  feet  wide  at  the  top,  and  374  feet  thick 
at  the  normal  lake  level.  The  side  slopes  were  to  be  1  on  3  up 
to  elevation  90  on  the  upstream  side,  then  1  on  2  to  elevation 
135 ;  on  the  downstream  side,  1  on  2  from  elevation  135  to  88, 
1  on  25  from  elevation  88  to  20,  and  1  on  50  for  the  rest  of  the 
slope. 

Advantage  was  taken  of  a  hill,  the  top  of  which  was  at  ref- 
erence 110,  for  the  construction  of  a  spillway.  The  spillway 
dam  was  to  be  of  concrete  with  crest  at  elevation  69,  and  gates 
operating  between  piers  built  38  feet  centers,  the  clear  open- 
ings being  30  feet.  The  crest  of  the  spillway  dam  was  a  straight 
line,  and  the  openings  capable  of  discharging  140,000  second 
feet. 

The  creation  of  the  lakes  practically  required  the  recon- 
struction of  the  Panama  Railroad  for  nearly  its  entire  length. 

Those  advocating  the  lock  type  of  canal  advanced  the  fol- 
lowing reasons  for  its  selection  : 

1.  Quicker  passage  for  traffic  than  would  be  afforded  by 
the  narrow  waterway  of  a  sea  level  canal; 

2.  Greater  safety  for  vessels  and  less  danger  of  interrup- 
tion of  traffic  by  reason  of  the  wider  and  deeper  channels  which 
the  lock  canal  makes  possible  at  small  cost ; 

3.  Quicker  passage  across  the  Isthmus  for  large  ships  or 
large  traffic; 

4.  Materially  less  time  required  for  construction ; 

5.  Materially  less  cost. 

These  are  practically  the  same  reasons  that  were  advanced 
by  Godin  de  Lipinay  in  1879  when  he  proposed  this  type  of 
lock  canal  before  the  International  Congress  held  in  Paris. 

The  principal  objections  to  the  lock  type  of  canal  were  the 
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alleged  experimental  nature  of  hydraulic  filled  dams,  their 
probable  instability  due  to  the  character  of  the  foundations, 
and  the  great  danger  to  the  canal  resulting  from  damage  to  the 
locks. 

The  report  of  the  board  was  submitted  first  to  Mr.  John  F. 
Stevens,  Chief  Engineer  of  the  Isthmian  Canal  Commission,  who 
had,  in  advance  of  the  report  of  the  consulting  board,  expressed 
himself  in  favor  of  a  high-level  canal.  He  recommended  the 
adoption  of  the  type  proposed  by  the  minority  of  the  board, 
modified  by  the  withdrawal  of  the  locks  located  at  Sosa  Hill, 
on  the  grounds  of  the  unsanitary  conditions  that  would  be  cre- 
ated by  a  lake  in  the  vicinity  of  Panama,  and  the  exposure  of 
these  locks  to  attack  or  destruction  in  the  event  of  war. 
The  members  of  the  Isthmian  Canal  Commission,  with  one 
exception,  advocated  the  adoption  of  the  lock  type  of  canal. 
This  in  turn  was  recommended  by  the  Secretary  of  "War  to  the 
President,  who  transmitted  a  report  to  Congress  advocating  the 
adoption  of  the  lock  type.  After  considerable  discussion,  the 
Congress  expressed  itself  in  favor  of  the  lock  type,  on  June 
29,  1906. 

This  did  not  put  an  end  to  the  discussion,  nor  the  attacks 
on  the  dams  and  the  foundations  for  the  Gatun  locks ;  the  latter 
were  passed  upon  as  sufficient  for  the  purpose  in  April,  1907, 
by  a  board  consisting  of  Alfred  Noble,  Frederick  P.  Stearns, 
and  John  B,.  Freeman.  In  1908,  a  slip  occurred  in  a  rock  pile 
which  formed  part  of  the  Gatun  dam,  and  revived  the  question 
of  the  sea  level  versus  the  lock  type  of  canal.  A  rock  pile  was 
being  constructed  to  elevation  60  on  the  upstream  side,  to  form 
the  south  toe  of  the  dam,  and  was  being  carried  across  the  old 
French  canal,  when,  because  of  the  steepness  of  the  slope  on  the 
downstream  side  and  the  amount  of  silt  and  soft  material  in 
the  canal,  a  movement  downstream  occurred,  carrying  with  it 
part  of  the  downstream  side  of  the  rock  pile.  Occurring  at  a 
time  of  flood  in  the  Chagres  River,  the  facts  were  distorted  and 
exaggerated  in  the  public  press,  and  the  slip  was  attributed  to 
the  breaking  through  of  the  mass  into  a  "subterranean  lake" 
discovered  by  a  newspaper  correspondent  then  on  the  Isthmus. 
The  whole  question  was  gone  over  again  early  in  1909  by  a 
board  of  engineers  appointed  by  the  President  for  the  purpose 
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of  determining  whether  or  not  a  change  in  plans  should  be 
made.  The  board  consisted  of  Frederick  P.  Stearns,  Arthur  P. 
Davis,  Henry  A.  Allen,  James  D.  Schuyler,  Isham  Randolph, 
John  R.  Freeman,  and  Allen  Hazen.  Notwithstanding  the  stress 
that  was  laid  upon  the  assertion  that  the  water  of  the  lake  would 
seep  through  the  hills;  that  the  seamy  character  of  the  rock 
permitted  the  passage  of  water  through  Spillway  hill  and  else- 
where ;  that  the  underground  flow  from  the  adjacent  hills  under 
the  Gratun  locks  would  undermine  these  or  make  their  con- 
struction difficult  if  not  doubtful ;  and  that  the  swampy  condition 
of  a  part  of  the  site  of  the  dam  made  the  building  of  this  struc- 
ture uncertain ;  this  board  recommended  adherence  to  the  origi- 
nal project. 

By  Executive  Order  the  dimensions  of  the  locks  were 
changed  to  a  length  in  the  clear  of  1,000  feet  and  a  width  of 
100  feet.  These  dimensions  were  criticised  in  the  public  press 
and  by  officers  of  the  Navy.  As  the  canal  was  for  naval  use  it 
was  thought  that  the  Navy  Department  should  pass  upon  the 
question,  and  to  enable  them  to  arrive  at  a  conclusion,  estimates 
were  prepared  showing  the  cost  for  each  increase  in  width  of 
5  feet  up  to  125  feet,  and  the  views  of  the  Navy  requested  as 
to  the  width  that  should  be  adopted.  In  a  memorandum  dated 
October  29,  1907,  the  President  of  the  General  Board  of  the 
Navy  submitted  a  memorandum  stating  it  was  their  opinion 
that  sound  policy  would  dictate  an  increase  to  a  clear  width  of 
110  feet;  that  the  length  of  the  locks  as  then  planned — 1,000 
feet — was  deemed  to  be  sufficient  for  all  naval  purposes  for  an 
indefinite  time  to  come;  consequently,  the  width  of  110  feet 
was  adopted. 

In  recommending  the  lock  type  of  canal  to  President 
Roosevelt,  the  Secretary  of  "War,  Mr.  Taft,  called  attention  to 
the  exposed  location  of  the  locks  on  the  Pacific  side  to  hostile 
fire  in  case  of  war,  and  recommended  their  withdrawal,  if  prac- 
ticable. Agua  Dulce  had  been  proposed,  and  offered  the  best 
site,  but  explorations  of  the  foundations  developed  no  suitable 
rock  of  sufficient  extent,  and  the  only  location  where  rock  was 
found  for  the  purpose  was  at  Miraflores.  On  recommendation 
of  the  Isthmian  Canal  Commission  the  Sosa  Hill  site  with  its 
adjacent  dams  was  abandoned.    At  the  time  this  change  was 
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adopted,  the  question  of  concentrating  all  the  locks  on  the 
Pacific  side  in  a  flight  at  Miraflores  was  brought  up  and  con- 
sidered, but  the  plan  was  not  adopted  because  of  the  extent  and 
character  of  the  foundations  which  were  the  poorest  under  any 
of  the  structures  on  the  Isthmus,  the  great  depth  to  rock  for 
part  of  the  structures  which  imposed  too  great  pressures,  and 
the  question  of  water  supply;  economy  in  the  use  of  water 
resulted  from  the  separation  of  the  locks  at  Pedro  Miguel  and 
Miraflores.  A  better  arrangement  would  have  been  secured 
by  two  locks  at  Pedro  Miguel  and  one  at  Miraflores,  but  again 
the  extent  of  suitable  foundations  at  Pedro  Miguel  would  not 
permit. 

The  direction  of  the  breakwaters  was  changed.  These  were 
intended  to  protect  the  channel  as  well  as  the  harbor  against 
the  "northers"  that  occur  on  the  Atlantic  coast,  and  to  give  a 
place  of  shelter  and  refuge  for  shipping.  Breakwaters  built 
practically  parallel  to  the  channel  gave  an  area  but  little 
greater  than  the  channel,  in  which  waves  could  dissipate  after 
their  entrance  between  the  breakwaters,  so  they  could  not 
accomplish  the  purpose  for  which  they  were  intended.  The 
west  breakwater  was  projected  from  Toro  Point,  and  the  sec- 
ond one,  should  experience  indicate  the  necessity  for  it,  was 
planned  on  the  east  side  of  the  entrance  running  out  from  Coco 
Solo.  The  east  breakwater  is  now  building  at  the  request  of.  the 
General  Board  of  the  Navy. 

In  1908,  the  President,  by  Executive  Order,  increased  the 
bottom  width  of  the  canal  through  Culebra  Cut  to  300  feet. 
The  channel  just  north  of  Pedro  Miguel  was  increased  to  600 
feet  in  width  for  a  distance  of  1,050  feet,  gradually  reducing 
to  300  feet  in  the  next  1,600  feet,  to  provide  for  the  draw  that 
results  from  filling  the  locks. 

In  addition  to  the  changes  in  the  proposed  project  already 
noted,  modifications  were  made  in  the  plans  for  the  dam  at 
Gatun.  The  slopes  were  flattened  to  1  on  7.67  on  the  upstream 
side  to  conform  to  what  experience  with  the  embankments  of 
the  new  Panama  Railroad  showed  to  be  necessary,  and  1  on  12 
on  the  downstream  side.  The  dam  was  made  2,180  feet  wide  at 
sea  level,  390  feet  wide  at  the  85-foot  level,  and  the  crest  built 
to  elevation  105.    The  plan  for  the  spillway  was  changed  also ; 
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the  crest  was  curved,  and  the  size  of  the  openings  increased, 
though  the  same  rate  of  discharge  as  originally  proposed  was 
maintained.  Minor  modifications  were  made  in  the  alignment 
of  the  canal  south  of  Bohio,  but  on  the  whole  the  sailing  lines 
originally  adopted  were  retained.  The  sailing  line  could  have 
been  shortened  by  cutting  through  Bohio  ridge,  but  until  com- 
merce through  the  canal  indicates  its  necessity  the  time  saved 
would  not  warrant  the  expenditure  required  to  make  the 
change. 

The  Panama  Railroad  was  relocated  practically  through- 
out its  entire  length.  As  projected,  it  was  to  follow  the  95- 
foot  level  through  Culebra  Cut  on  a  berm  left  for  the  purpose 
during  construction,  but  the  slides  forced  the  construction  of 
the  road  over  the  continental  divide  east  of  Gold  Hill  where  an 
elevation  of  271  feet  is  reached. 

On  the  south,  the  summit  level  of  the  canal  is  maintained 
by  means  of  Pedro  Miguel  Locks,  an  earth  dam  extending  from 
the  west  lock  wall  to  the  adjacent  hill,  and  a  masonry  cutoff 
built  from  the  east  side  of  the  locks  into  the  rock  of  the  adjacent 
hill.  The  Pedro  Miguel  dam  is  of  earth,  2,000  feet  long,  with  a 
concrete  core  wall  tying  it  to  the  adjacent  hill  and  across  the 
bed  of  the  Rio  Grande.  It  is  1,000  feet  wide  at  the  base  (ele- 
vation 55),  730  feet  wide  at  the  85-foot  level,  and  the  top  is  at 
elevation  105.  The  cutoff  wall  on  the  east  is  built  on  rock,  and 
the  top  is  at  reference  92. 

Miraflores  lake  is  sustained  by  a  dam,  the  locks  and  a  spill- 
way dam.  The  spillway  is  capable  of  discharging  90,000  sec- 
ond feet,  and  is  constructed  with  a  cross  section  similar  to  that 
of  Gatun  spillway,  the  crest  of  the  dam  being  straight  instead 
of  curved,  and  at  elevation  38.87,  or  16  feet  below  the  normal 
level  of  Miraflores  Lake.  A  water  cushion  on  the  downstream 
side  breaks  the  force  of  the  water  on  its  descent.  The  west 
dam  is  of  earth  extending  from  the  head  of  the  locks  to  Cocoli 
Hill  almost  at  the  foot  of  the  locks,  thus  throwing  the  waters  of 
the  Cocoli  River  into  the  lake ;  the  dam  is  nearly  parallel  to  the 
locks.  It  is  hydraulic  filled,  from  940  to  1,050  feet  wide  at  ele- 
vation 55,  and  its  crest  is  at  elevation  70.  Concrete  core  walls 
were  constructed  to  tie  it  to  Cocoli  Hill  and  across  the  bed  of 
the  river. 
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A  breakwater  is  built  in  extension  of  Balboa  dumps  south 
of  Sosa  Hill,  formed  of  waste  material  from  Culebra  Cut,  out  to 
Naos  Island,  as  the  channel  was  changed  from  north  of  the 
island  to  the  west.  The  breakwater  was  intended  to  protect 
the  channel  against  filling  by  the  littoral  drift,  which  is  from 
east  to  west. 

The  estimate  prepared  by  the  Minority  of  the  Board  of 
Consulting  Engineers  for  the  construction  of  the  proposed  85- 
foot  summit  level  canal  was  $139,705,200,  exclusive  of  interest 
during  construction,  sanitation,  or  expenses  of  civil  administra- 
tion, as  well  as  moneys  paid  to  the  Republic  of  Panama  and 
the  French  Canal  Company.  It  was  apparent  in  1907  that  the 
estimates  were  too  low.  "Wages  and  salaries  were  much  in 
excess  of  those  paid  for  similar  employment  in  the  United 
States;  the  expense  for  quarters  erected  for  employees  and 
their  families,  the  leave  privilege  with  pay,  and  other  condi- 
tions of  employment,  made  the  cost  higher,  particularly  the 
substitution  of  an  eight-hour  day  for  the  ten-hour  day  esti- 
mated in  1906;  an  era  of  prosperity  in  the  United  States  had 
increased  the  cost  of  materials  of  all  kinds;  and,  finally,  the 
enlargement  of  the  channel  through  Culebra  Cut  and  the 
increased  dimensions  of  the  locks,  materially  increased  the 
quantities.  The  estimates  as  revised  included  all  moneys  paid 
out  in  connection  with  the  canal,  including  $10,000,000  paid  to 
Panama  and  $40,000,000  paid  for  the  property  rights  of  the 
New  Panama  Canal  Company,  advances  made  to  the  Panama 
Railroad  Company,  the  purchase  of  the  outstanding  stocks  and 
bonds  of  this  company,  the  cost  of  constructing  the  canal, 
sanitation,  and  civil  administration.  The  total  amount  aggre- 
gated $375,201,000. 

In  1910,  when  it  became  apparent  that  the  available  bal- 
ance would  permit  the  construction  of  dry  docks,  machine 
shops,  and  coaling  stations,  these  were  advocated  as  adjuncts 
to  the  canal,  but,  as  they  were  not  authorized  by  Congress  until 
the  latter  part  of  August,  1912,  they  are  completed  only  in  part. 

The  Minority  of  the  Board  of  Consulting  Engineers  esti- 
mated that  nine  years  would  be  required  to  complete  the  sum- 
mit-level canal,  or  to  January  1, 1915 ;  this  date  was  accepted,  and 
the  work  adjusted  and  prosecuted  to  this  end.    The  result  was 
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that  the  work  in  all  its  parts  was  advanced  to  such  a  stage 
that  the  first  ocean  steamer  was  passed  through  the  canal  on 
August  3, 1914,  and,  but  for  the  unexpected  slide  which  occurred 
north  of  Gold  Hill  on  October  14,  1914,  the  canal  would  have 
been  completed  in  its  entirety  within  the  estimated  time. 

STATISTICS. 

Length  from  deep  water  to  deep  water  (miles) 50 

Length  from  shore  line  to  shore  line  (miles) 40 

Bottom  width  of  channel,  maximum  (feet) 1,000 

Bottom  width  of  channel,  minimum,  9  miles,  in  Culebra  Cut 

(feet)  300 

Locks,  in  pairs  12 

Locks,  usable  length  (feet) 1,000 

Locks,  usable  width  (feet) 110 

Gatun  Lake,  area  (square  miles) 164 

Gatun  Lake,  channel  depth  (feet) 85  to  45 

Culebra  Cut,  channel  depth  (feet) 45 

Excavation,  due  to  slides  and  breaks,  estimated   (cubic  yards) 

(about)   25,000,000 

Excavation  accomplished  to  March  31,  1915  (cubic  yards) 232,440,945 

Excavation  remaining,   Canal   proper,   March   31,   1915,   esti- 
mated (cubic  yards)  6,404,642 

Excavation  by  the  French  (cubic  yards) 78,146,960 

Excavation  by  French,  useful  to  present  Canal  (cu.  yards)....  29,908,000 

Excavation  by  French,  estimated  value  to  Canal $  25,389,240 

Value  of  all  French  property $  42,799,826 

C  ncrete,  total  for  Canal,  excluding  terminals  (cubic  yards)..  4,844,566 

Time  of  transit  through  completed  Canal  (hours) 10  to  12 

Time  of  passage  through  locks  (hours) 3 

Relocated  Panama  Railroad,  total  cost $  8,866,392 

Relocated  Panama  Railroad,  length  (miles) 47.11 

Canal  Zone,  area  (square  miles) 436 

Canal  and  Panama  Railroad  force  actually  at  work  in  Sep- 
tember, 1913   (about)   37,000 

Canal  and  Panama  Railroad  force,  Americans  in  September, 

1913   (about)   5,000 

Cost  of  Canal,  estimated  total $375,000,000 

Work  begun  by  Americans May  4, 1904 

CANAL  APPROPRIATIONS. 

Payment  to  New  Panama  Canal  Company $  40,000,000.00 

Payment  to  Republic  of  Panama 10,000  000.00 

Appropriation,  June  28,  1902 10,000,000.00 

Appropriation,  December  21,  1905 11,000  000.00 
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Deficiency,  February  27,  1906 5,990,786.00 

Appropriation,  June  30,  1906 25,456,415.08 

Appropriation,  March  4,  1907 27,161,367.50 

Deficiency,  February  15,  1908 12,178,900.00 

Appropriation,  May  27,  1908 29,187,000.00 

Deficiency,  March  4,  1909 5,458,000.00 

Appropriation,  March  4,  1909 33,638,000.00 

Deficiency,  February  25,  1910 76,000.00 

Appropriation,  June  25,  1910 37,855,000.00 

Appropriation,  March  4,  1911 45,560,000.00 

Appropriation,  August  24,  1912 28,980,000.00 

Appropriation,  June  23,  1913 16,265,393.00 

Deficiency,  April  6,  1914 2,450,000.00 

Private  Act,  Belief  of  Elizabeth  G.  Martin 1,200.00 

Private  Act,  Belief  of  Marcellus  Troxell 1,500.00 

Private  Act,  Belief  of  W.  L.  Miles 1,704.18 

Private  Act,  Belief  of  Chas.  A.  Caswell 1,056.00 

Private  Act,  Belief  of  Alexandro  Comba 500.00 

Private  Act,  Belief  of  Douglas  B.  Thompson 1,500.00 

Private  Act,  Belief  of  Bobert  S.  Gill 2,520.00 

Private  Act,  Belief  of  Peter  Wigginton  500.00 

Private  Act,  Belief  of  Baymond  K.  Bidenour 500.00 

Private  Act,  Belief  of  heirs  of  Charles  E.  Stump 1,500.00 

Private  Act,  Belief  of  parents  of  Edward  Maher 1,980.00 

Private  Act,  Belief  of  Oscar  F.  Lackey 1,500.00 

Private  Act,  Belief  of  Pedro  Sanchez  2,000.00 

Private  Act,  Belief  of  John  H.  Cole 1,951.38 

Private  Act,  Belief  of  Bobert  Coggan  1,500.00 

Judgment,  Court  of  Claims,  Timothy  J.  Butler 196.45 

Judgment,  Court  of  Claims,  March  4,  1913,  The  Laidlaw- 

Dunn  Gordon  Company  900.00 

Total  $341,279,369.59 

Appropriation  for  Fortifications,  March  4,   1911 3,000,000.00 

Appropriation  for  Fortifications,  August  24,  1912 , 2,806,950.00 

Appropriation  for  Fortifications,  June  23,  1913 4,870,000.00 

Deficiency,  April  6,  1914,  Fortifications 249,350.00 

Grand  total  $352,205,669.*.  9 

CLASSIFIED  EXPETSTDITTJEES  TO  JUNE  30,  1914. 

Department  of  Construction  and  Engineering $210,159,139.20 

Department  of  Construction  and  Engineering,  Plant 1,135,932.14 

Department  of  Sanitation 17,259,797.30 

Department  of  Civil  Administration  7,155,839.98 
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Department  of  Law 61,564.55 

Panama  Railroad,  Second  Main  Track 1,123,522.22 

Panama  Railroad,  Relocated  Line  9,271,179.40 

Purchase  and  Repair  of  Steamers 2,680,112.01 

Zone  Waterworks  and  Sewers 6,892,749.44 

Zone  Roadways  1,704,424.24 

Loans  to  Panama  Railroad  Company 3,247,332.11 

Construction  and  Repair  of  Buildings 10,395,318.02 

Purchase  from  New  Panama  Canal  Company 40,000,000.00 

Payment  to  Republic  of  Panama 10,000,000.00 

Miscellaneous   5,059,625.94 

Total   $326,146,536.55 

Expenditures  for  Fortifications  to  July  31,  1914 6,793,089.73 
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COMMERCIAL  AND  TRADE  ASPECTS  OF  THE  PANAMA 

CANAL. 


By 

EMORY  B.  JOHNSON,  Ph.  D.,  So.  D. 

Professor  of  Transportation  and  Commerce,  University  of  Pennsylvania 

Special  Commissioner  on  Panama  Canal  Traffic  and  Tolls,  1911-13 

Philadelphia,  Pa.,  U.  S.  A. 


A  discussion  of  the  commercial  and  trade  aspects  of  the 
Panama  Canal  within  the  limits  of  a  paper  of  moderate  length 
must  necessarily  deal  briefly  with  only  the  more  important 
phases  of  the  subject.  In  requesting  this  paper,  the  chairman 
of  the  International  Engineering  Congress  stated  that 

"While  the  other  papers  to  be  included  in  this  volume  [upon 
the  Panama  Canal]  relate  wholly  to  technical  engineering  sub- 
jects, we  feel  that  the  volume  as  a  whole  would  be  quite  incom- 
plete without  a  presentation  of  the  general  subject  of  the  eco- 
nomic and  commercial  significance  of  the  canal,  written  from  a 
broad  standpoint  and  intended  to  round  out  for  the  technical 
reader  the  real  significance  of  the  canal  as  a  development  in 
ways  and  means  for  expediting  the  world's  commerce". 

Until  the  Panama  Canal  was  opened,  commerce  between  the 
north  Atlantic  and  Pacific,  including  the  traffic  between  the  two 
seaboards  of  the  United  States,  had  either  to  move  3,000  to  3,500 
miles  by  rail  across  the  continent  of  North  America,  or  be 
handled  via  the  Isthmus  of  Tehuantepec  or  the  Isthmus  of 
Panama,  or  be  sent  by  an  all-water  route  around  the  continent 
of  South  America.  The  shipments  by  rail,  because  of  the  dis- 
tance and  mountain  grades,  were  and  are  necessarily  expensive. 
Traffic  carried  on  by  way  of  the  Isthmus  had  to  bear  the  ex- 
penses of  two  shipments  by  water  and  of  double  handling  and 
rail  transportation  at  the  Isthmus,  while  goods  shipped  by  all- 
water  routes  through  the  Straits  of  Magellan  were  carried  from 
13,000  to  15,000  miles.    To  avoid  the  long  circuitous  water  route 
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between  the  north  Atlantic  and  Pacific  by  way  of  the  Straits  of 
Magellan,  traffic  has  been  transported  across  the  Isthmus  of 
Panama  since  the  opening  of  the  trans-isthmian  railroad  in  1855 ; 
and,  from  1907  until  the  opening  of  the  Panama  Canal,  an  in- 
creasing tonnage  was  transferred  across  the  Isthmus  of  Tehuan- 
tepec  by  means  of  the  Mexican  National  Railway.  This  double 
handling  and  rail  transportation  of  traffic  at  Tehuantepec  and 
at  Panama  cost  from  $3  to  $3.50  per  ton  of  cargo,  and  was  ob- 
jectionable not  only  because  of  the  expense,  but  because  of  the 
risks  and  delays  incident  to  the  double  handling  of  goods  in 
tropical  latitudes. 

The  continent  of  South  America  extends  to  56°  south  lati- 
tude, and  the  Straits  of  Magellan  are  nearly  54°  south  of  the 
equator.  The  South  American  continent,  moreover,  not  only  ex- 
tends far  into  southern  latitudes  but  also  lies  to  the  east  of  most 
of  North  America.  A  vessel  making  a  voyage  from  New  York 
to  the  Pacific  before  the  opening  of  the  canal  was  obliged  to 
make  40°  of  easting  in  order  to  round  the  eastern  point  of  South 
America  and  95°  of  southing  in  order  to  reach  the  Straits  of 
Magellan.  The  opening  of  the  Panama  Canal  enables  a  vessel 
from  New  York  to  sail  almost  directly  south,  and  thus  to  avoid 
the  detour  to  the  east  that  must  be  made  in  reaching  the  Straits 
of  Magellan.  The  Isthmus  of  Panama,  moreover,  is  between  62° 
and  63°  north  of  the  Straits  of  Magellan. 

These  broad  geographic  facts  explain  how  the  Panama  Canal 
effects  a  saving  of  nearly  8,000  nautical  miles  in  the  all-water 
route  between  New  York  and  San  Francisco,  the  distance  via  the 
canal  being  5,262  nautical  miles,  as  contrasted  with  13,135  miles 
by  way  of  the  Straits  of  Magellan.  The  distance  from  New  Or- 
leans to  the  canal  being  less  than  from  New  York,  and  the  dis- 
tance from  New  Orleans  to  the  Straits  of  Magellan  being  greater 
than  from  New  York  to  the  Straits,  the  opening  of  the  Panama 
Canal  has  reduced  the  distance  between  New  Orleans  and  San 
Francisco  nearly  9,000  miles. 

KEDUCTION  EFFECTED  BY  THE  CANAL  IN  DISTANCES  AND 
SAILING  TIME. 

The  Panama  Canal  having  been  constructed  primarily  to 
shorten  the  length  and  time  of  ocean  voyages,  it  will  be  well  in 
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discussing  the  commercial  and  trade  reasons  for  the  building  of 
the  canal  to  set  forth  with  some  detail  the  effect  of  the  canal  upon 
distances  and  sailing  time  by  ocean  routes  between  the  principal 
ports  of  the  north  Atlantic  and  the  Pacific.  While  giving  pri- 
mary consideration  to  the  effect  of  the  canal  upon  the  length  of 
routes  over  which  the  commerce  of  the  United  States  is  shipped, 
it  will  be  desirable  to  point  out  the  effect  of  the  canal  upon  the 
distance  between  Europe  and  both  sides  of  the  Pacific  in  order 
to  show  how  the  Panama  Canal  has  affected  the  conditions  of 
competition  between  Europe  and  the  United  States  for  the  trade 
of  the  Pacific. 

The  commerce  between  the  north  Atlantic  and  Pacific  is 
carried  on  between  many  ports  and  by  numerous  routes.  In 
order  to  indicate  definitely  and  concisely  the  effect  of  the  canal 
upon  the  length  of  ocean  routes  and  the  time  required  for  voy- 
ages, it  will  be  helpful  to  put  the  facts  in  tabular  form.  The 
tables  here  presented  are  abbreviated  from  a  larger  number  of 
more  detailed  tables  contained  in  the  report  upon  "Panama 
Canal  Traffic  and  Tolls"  which  the  writer  made  in  1912  to  the 
Secretary  of  "War.  The  tables  show  the  saving  in  distances 
effected  by  the  Panama  Canal  for  voyages  between  selected  At- 
lantic and  Pacific  ports,  and  give  the  number  of  days  which 
vessels  of  9,  10,  12,  14  and  16  knots  respectively  can  save  in 
making  voyages  via  the  canal  instead  of  by  way  of  routes  that 
were  ordinarily  followed  before  the  opening  of  the  isthmian 
waterway.  Distances  are  stated  in  nautical  miles,  the  length  of 
the  Panama  Canal  being  taken  at  41  nautical  miles,  and  the  Suez 
Canal  at  87  nautical  miles.  The  distances  and  the  saving  in 
time  are  calculated  by  routes  which  include  calls  at  such  large 
ports  as  vessels  regularly  visit  en  route.  Where  deemed  neces- 
sary, the  ports  of  call  included  are  indicated  in  the  tables  in  the 
column  containing  "remarks". 

The  people  of  the  eastern  and  southern  parts  of  the  United 
States  are  interested  in  the  Panama  Canal,  first,  because  it 
affords  a  shorter  highway  to  the  west  coast  of  the  United  States ; 
secondly,  because  it  reduces  the  distance  to  the  west  coast  of 
South  America ;  and,  thirdly,  because  of  the  opening  of  a  shorter 
route  to  Australasia  and  the  Orient.  The  people  of  the  western 
section  of  the  United  States  are  benefited  by  the  Panama  Canal 
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because  it  gives  them  readier  access  to  the  markets  of  Europe 
and  the  eastern  part  of  the  United  States,  while  the  manufac- 
turers and  traders  of  Europe  are  benefited  by  securing  a  shorter 
and  more  direct  route  to  the  west  coast  of  the  three  Americas. 
Table  I  sets  forth  the  reduction  in  distances  accomplished  by  the 
Panama  Canal,  as  compared  with  the  routes  by  way  of  the  Straits 
of  Magellan,  for  voyages  from  New  York  and  from  New  Orleans 
to  San  Francisco  and  to  selected  typical  west  coast  South  Ameri- 
can ports.  The  number  of  days  saved  in  the  time  of  voyages  is 
also  stated  for  vessels  of  9,  10,  12,  14  and  16  knots  speed,  vessels 
of  these  speeds  being  selected  because  cargo  carriers  are  usually 
operated  at  9  to  12  knots,  and  passenger  ships  at  14  to  16  knots 
over  most  ocean  routes,  except  those  across  the  north  Atlantic, 
where  passenger  steamers  of  18  to  24  knots  are  largely  employed. 

A  freight  vessel  operated  at  an  average  speed  of  10  knots 
can  make  the  run  between  New  York  and  San  Francisco  by  the 
Panama  Canal  in  32  days  less  time  than  is  required  for  a  voy- 
age via  the  Straits  of  Magellan.  Between  New  Orleans  and  San 
Francisco  the  time  saved  for  a  vessel  of  this  speed  would  be  36 
days.  In  these  calculations,  as  in  all  others  made  in  compiling 
these  tables,  a  half  day  is  added  to  allow  for  the  time  taken  in 
passing  through  the  canal.  The  "Kroonland"  and  "Finland", 
which  are  vessels  of  about  14  knots  average  speed  at  sea,  are 
making  the  trip  between  New  York  and  San  Francisco  in  16  or  17 
days,  including  a  half  day  at  the  canal  and  a  call  at  San  Diego 
or  the  Port  of  Los  Angeles.  If  the  "Kroonland"  and  "Fin- 
land" were  to  make  the  voyage  via  the  Straits  of  Magellan,  they 
would  require  23  days  additional  time  for  the  trip,  and,  if  the 
daily  expense  of  operating  such  a  vessel  is  not  more  than  $1000, 
the  reduction  in  expenses  effected  by  the  use  of  the  canal  is 
$23,000  per  trip,  a  sum  much  in  excess  of  the  $9,879.60  tolls  paid 
by  the  "Kroonland"  for  the  use  of  the  canal.  It  should  be 
stated,  however,  that  such  a  comparison  as  this  is  not  of  great 
value,  because  it  would  not  be  profitable  to  operate  the  "Kroon- 
land" and  "Finland"  between  New  York  and  San  Francisco 
by  way  of  the  Straits  of  Magellan  even  in  a  combined  freight 
and  passenger  service. 

The  distance  and  time  saved  by  the  use  of  the  Panama  Canal 
instead  of  the  Straits  of  Magellan  for  voyages  between  Europe 
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and  typical  ports  on  the  west  coast  of  South  America  are  stated 
in  Table  II,  which  gives  the  facts  for  voyages  from  Liverpool, 
Antwerp  and  Gibraltar  to  west  coast  South  American  points.  A 
freight  steamer  of  10  knots  speed  can  make  the  run  from  Liver- 
pool to  Callao  in  16  days  less  time  by  way  of  Panama  than  via 
the  Straits  of  Magellan.  For  trips  from  Liverpool  to  the  nitrate 
port  of  Iquique,  a  10-knot  steamer  can  save  11.7  days.  The 
saving  in  distance  and  time  grows  less  for  ports  successively 
further  south  from  the  canal. 

A  freight  steamer  from  Liverpool  to  Valparaiso  will  save  5 
or  6  days  via  Panama,  and  a  passenger  steamer  would  save  only 
Sy2  or  4  days.  If  the  saving  in  distance  and  time  were  the  only 
factors  affecting  the  choice  of  routes,  it  is  not  probable  that  much 
of  the  traffic  between  Valparaiso  and  Liverpool  would  be  carried 
on  by  way  of  Panama ;  but  the  fuel  cost,  which  is  much  less  via 
Panama,  and  the  opportunities  for  trade  en  route  at  west  coast 
South  American  ports  offer  a  strong  reason  for  the  selection  of 
the  Panama  route,  at  least  for  the  inbound  or  home  voyage  of 
vessels  plying  between  Europe  and  Valparaiso.  Since  the  open- 
ing of  the  canal,  some  vessels  have  been  making  the  outbound 
voyage  from  Europe  to  Chile  via  the  Straits  of  Magellan,  and  the 
return  trip  by  way  of  the  Panama  Canal.  It  is  probable  that,  as 
the  commerce  of  the  west  coast  of  South  America  increases,  the 
tendency  to  use  the  Panama  Canal  both  for  the  outbound  and 
return  voyage  will  be  stronger. 

Before  the  opening  of  the  Panama  Canal  the  relatively  large 
commerce  between  the  eastern  part  of  the  United  States  and 
Australia  and  New  Zealand  was  shipped  via  the  Cape  of  Good 
Hope,  the  distance  from  New  York  to  Australia  via  Suez  being 
about  the  same  as  by  way  of  the  Cape  of  Good  Hope.  Table  III 
shows  the  distance  and  time  saved  by  using  the  Panama  Canal 
instead  of  the  route  passing  the  Cape  of  Good  Hope  for  voy- 
ages from  New  York  and  New  Orleans  to  the  Australian  ports 
of  Adelaide,  Melbourne  and  Sydney.  The  table  also  shows  the 
time  and  distances  saved  via  Panama  as  contrasted  with  the 
route  through  the  Straits  of  Magellan  for  voyages  from  New 
York  and  New  Orleans  to  "Wellington,  New  Zealand,  the  short 
route  to  New  Zealand  before  the  opening  of  the  Panama  Canal 
being  by  way  of  the  Straits  of  Magellan. 
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The  principal  port  of  Australia  is  Sydney,  and  vessels  mak- 
ing a  voyage  between  north  Atlantic  ports  and  Australia,  whether 
via  the  Suez  Canal,  the  Cape  of  Good  Hope,  or  the  Panama  Canal, 
will,  in  most  instances,  make  the  port  of  Sydney  as  well  as  the 
ports  of  Adelaide  and  Melbourne.  Ten-knot  freight  steamers 
can  save  about  16  days  by  using  the  Panama  Canal  for  trips  from 
New  York  to  Sydney.  From  New  Orleans  to  Sydney,  the  saving 
in  time  for  such  vessels  is  22  days.  The  trip  to  Wellington  from 
New  York  can  be  made  in  about  10  days  less  time  by  way  of  the 
Panama  Canal  than  through  the  Straits  of  Magellan.  Prom  New 
Orleans  to  "Wellington,  14  days  can  be  saved  by  the  use  of  the 
Panama  Canal.  In  general,  the  commerce  between  the  Atlantic- 
Gulf  seaboard  of  the  United  States,  Australia  and  New  Zealand 
is  so  assisted  by  the  Panama  Canal  as  to  make  uneconomical  the 
use  of  other  routes. 

In  order  to  show  how  the  opening  of  the  Panama  Canal  has 
altered  the  conditions  of  competition  between  the  eastern  part 
of  the  United  States  and  Europe  for  the  trade  of  Australia  and 
New  Zealand,  Table  IV  is  presented.  It  states  the  distances 
between  Liverpool  and  Australia  and  New  Zealand  via  the 
Panama  and  Suez  canals,  and  shows  that  the  Suez  route  is 
shorter  than  the  Panama  route  for  voyages  between  Europe  and 
Australia ;  while  for  voyages  between  Liverpool  and  Wellington, 
New  Zealand,  the  distance  via  Panama  is  somewhat  less.  The 
saving  by  the  Panama  Canal,  however,  is  not  enough  to  cause 
that  route  to  be  taken  unless  cheaper  fuel  expenses  and  larger 
traffic  at  intermediate  ports  may  possibly  make  the  Panama  route 
the  more  profitable. 

It  will  be  seen  by  Table  IV  that  Sydney,  Australia,  is  almost 
equally  distant  from  Liverpool  via  the  Suez  and  Panama  routes. 
A  vessel  sailing  from  Sydney,  Australia,  for  Liverpool  will, 
accordingly,  select  the  Suez  route  if  the  master  of  the  vessel 
needs  to  discharge  and  take  on  cargo  at  intermediate  ports.  If 
the  vessel  sails  from  Sydney  with  a  full  cargo  for  Liverpool,  or 
some  Channel  or  North  Sea  port,  it  will  probably  be  more 
economical  to  take  the  Panama  route,  by  way  of  which  fuel  costs 
will  be  less  than  via  Suez.  The  use  of  the  Panama  Canal  instead 
of  the  Straits  of  Magellan  for  voyages  between  Wellington  and 
Liverpool    will    be    determined    mainly    by    two    factors, the 
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expense  incurred  for  tolls  at  Panama,  and  the  saving  in  fuel  by- 
way of  the  Panama  route.  Vessels  will  ordinarily  not  find  it 
profitable  to  make  the  run  of  the  entire  distance  from  'Wellington 
to  Europe  without  coaling  en  route.  The  cost  of  coal  along  the 
route  via  the  Straits  of  Magellan  and  the  east  coast  of  South 
America  is  so  much  higher  than  the  cost  of  coal  at  stations  along 
the  Panama  route  as  largely,  if  not  fully,  to  offset  the  amount 
payable  as  tolls  for  passage  through  the  Panama  Canal. 

The  competition  between  the  United  States  and  Europe  for 
the  trade  of  the  Orient  has  been  increasingly  active  since  1900, 
and  the  opening  of  the  Panama  Canal  has  put  the  eastern  part 
of  the  United  States  on  a  parity  with  Europe,  as  regards  trans- 
portation conditions,  for  the  Oriental  trade.  Table  V  states 
the  distances  and  days  saved  for  voyages  from  New  York  and 
from  New  Orleans  via  the  Panama  Canal,  as  compared  with  the 
Suez  Canal,  to  the  ports  of  Yokohama,  Shanghai,  Hongkong, 
Manila  and  Singapore.  A  10-knot  freight  steamer  can  make  the 
run  from  New  York  to  Yokohama  in  15  days  less  via  Panama 
than  via  Suez.  Between  New  Orleans  and  Yokohama,  the  saving 
for  such  voyages  is  23  days.  For  a  trip  from  New  York  to 
Shanghai,  the  Panama  route  is  7  days  shorter  than  the  Suez 
route  for  a  10-knot  steamer,  while  from  New  Orleans  the  saving 
in  time  via  Panama  is  15  days. 

It  will  be  noted  that  Hongkong  and  Manila  are  almost 
equally  distant  from  New  York  via  the  Suez  and  Panama  routes, 
each  route  including  the  ports  of  call  designated  in  the  table. 
It  is  probable,  however,  that  most  of  the  commerce  between  the 
eastern  part  of  the  United  States  and  the  Philippines  will  be 
handled  via  Panama,  because  the  trade  with  the  Philippines  will 
naturally  be  carried  on  by  vessels  engaged  also  in  the  trade  with 
China  and  Japan,  Manila  being  a  terminal  port  for  a  voyage 
from  New  York  to  the  East.  Singapore  is  decidedly  nearer  New 
York  via  the  Suez  Canal  than  by  way  of  Panama,  and  it  is  not 
probable  that  much  traffic  from  Singapore  to  New  York  will  be 
handled  via  Panama,  although  it  may  not  infrequently  happen 
that  vessels  outbound  from  Europe  to  Chinese  and  Japanese 
ports  via  Singapore  may  make  a  return  trip  to  the  United  States 
or  to  Europe  via  the  United  States  through  the  Panama  Canal. 
Indeed,  the  commerce  between  the  eastern  part  of  the  United 
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States  and  the  Pacific  ports  of  Asia  from  Shanghai  to  Singapore 
will  be  handled  partly  by  way  of  Panama  and  partly  via  Suez, 
the  route  taken  by  vessels  engaged  in  this  trade  being  deter- 
mined by  fuel  costs,  necessary  intermediate  ports  of  call,  and 
other  well  known  factors  that  determine  the  movements  of 
freight  vessels. 

As  is  shown  in  Table  VI,  the  trade  between  Europe  and 
China,  the  Philippines  and  Japan — with  the  possible  exception 
of  some  of  the  Japanese  trade — will  be  handled  by  way  of  Suez 
and  not  through  the  Panama  Canal.  A  line  connecting  points 
equally  distant  from  Liverpool  via  the  Suez  and  Panama  canals 
runs  347  miles  east  of  Yokohama,  making  the  distance  from 
Yokohama  to  Liverpool  694  miles  greater  via  Panama  than  via 
Suez.  By  the  opening  of  the  Panama  Canal,  the  eastern  part  of 
the  United  States  and  the  western  part  of  Europe  have  been 
placed  upon  an  equal  footing,  as  regards  distance,  in  competing 
for  the  trade  of  the  Orient, — a  fact  that  may  be  illustrated  by 
drawing  a  line  through  the  points  equally  distant  from  Liver- 
pool via  Suez  and  from  New  York  via  Panama.  Such  a  line 
would  pass  close  to  Shanghai  and  through  the  center  of  Australia 
slightly  to  the  west  of  Adelaide.  Japan  and  northern  China 
are  nearer  New  York  via  Panama,  while  southern  China  and  the 
Philippines  are  nearer  Liverpool  via  Suez.  Although  the  entire 
Orient  is  nearer  Liverpool  and  other  European  ports  via  Suez 
than  via  Panama,  it  may  be  economical  for  some  of  the  traffic 
between  Japan  and  Europe  to  be  handled  via  Panama,  because  of 
lower  fuel  expenses,  and  because  of  the  opportunity  to  engage 
in  American  commerce. 

TONNAGE,  CHABACTEE  AND  SOURCES  OE  CANAL  TEAFEIC. 

The  best  test  of  the  value  of  the  Panama  Canal  will  be  the 
use  made  of  it  by  the  commerce  of  the  world,  and  particularly 
by  the  shipping  engaged  in  American  commerce.  In  order  to 
measure  the  services  that  would  be  rendered  by  a  canal,  if  con- 
structed, advance  studies  were  made,  at  different  times,  of  the 
tonnage  of  available  traffic. 

The  Panama  Canal  Company,  beginning  in  1894,  kept  a 
card  record  for  six  years  of  the  movements  of  practically  all 
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vessels  engaged  in  ocean  freight  transportation,  and  at  the  end 
of  each  year  a  calculation  was  made  to  ascertain  the  tonnage  of 
canal  traffic  to  which  the  vessels  would  have  given  rise  had  a 
Panama  Canal  been  available.  The  records  thus  kept  by  the 
Panama  Canal  Company  for  six  years  were  turned  over  to  the 
Isthmian  Canal  Commission  in  1900. 

The  writer. of  this  paper,  during  the  two  years,  1899-1901, 
made  an  investigation  of  available  canal  tonnage.  A  study  was 
made  of  the  exports  and  imports  of  the  United  States  and  of 
Europe  to  ascertain  the  tonnage  of  cargo  that  would  have  been 
moved  through  the  canal  in  1899  or  1900,  had  there  been  a  canal 
to  use.  A  study  was  also  made  of  vessel  entrances  and  clearances 
at  American  and  European  ports  to  find  out  the  tonnage  of  ves- 
sels whose  movements  were  such  that  a  Panama  Canal  would 
have  been  used.  The  results  obtained  by  this  investigation  were 
substantially  the  same  as  the  figures  obtained  by  the  Panama 
Canal  Company,  and  the  several  studies  showed  that  there  were 
about  5,000,000  vessel  tons  of  available  Panama  Canal  traffic  in 
1899.  In  1912,  the  writer  made  another  investigation  of  avail- 
able Panama  Canal  traffic,  and  found  that  the  tonnage  of  ves- 
sels, whose  movements  were  such  that  the  use  of  the  canal  would 
have  been  advantageous,  had  increased  by  1910  to  8,328,000 
tons,  or  at  the  rate  of  59  percent  per  decade. 

The  accuracy  of  this  ascertained  rate  of  increase  of  available 
Panama  Canal  traffic  was  checked  by  studies  of  the  growth  of  the 
traffic  of  the  Suez  Canal,  of  the  increase  in  the  foreign  trade  of 
the  United  States  with  the  world  as  a  whole,  of  the  trade  of  the 
United  States  with  non-European  countries,  of  the  commerce 
between  the  Atlantic-Gulf  seaboard  of  the  United  States  and 
Pacific  countries,  and  of  the  commerce  between  Europe  and  the 
west  coast  of  North  and  South  America.  These  investigations, 
as  set  forth  in  the  report  on  "Panama  Canal  Traffic  and  Tolls", 
published  in  1912,  showed  that  the  increase  in  available  canal 
traffic  had  unquestionably  been  as  much  as  60  per  cent  per  dec- 
ade during  the  fifteen  years  ending  with  1910.  It  was,  accord- 
ingly, considered  safe  to  assume  that  the  traffic  available  for  the 
Panama  Canal  in  1910  would  increase  at  the  rate  of  60  percent 
per  decade,  and  by  1915  reach  about  10,250,000  vessel  tons  per 
annum. 
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The  canal  was  opened  for  traffic  August  15,  1914,  before  it 
was  fully  completed.  Since  it  was  opened  for  traffic,  slides  in 
the  Gaillard  (Culebra)  Cut  have,  on  a  few  occasions,  interrupted 
the  use  of  the  canal  for  periods  of  one  to  five  days,  and  these 
interruptions  to  traffic  have  doubtless  somewhat  delayed  the 
establishment  of  regular  services  through  the  canal,  and  have 
possibly  made  the  increase  in  the  traffic  of  the  waterway  some- 
what slower  than  the  gain  otherwise  would  have  been. 

The  conflict  in  Europe  started  shortly  before  the  canal  was 
opened,  and  all  advance  estimates  as  to  the  use  that  would  have 
been  made  of  the  canal  have  been  thrown  out  of  line,  by  the  war 
which  has  temporarily  stopped  the  commerce  of  some  nations 
and  has  seriously  interfered  with  the  international  trade  of  most 
countries.  It  is  probable  that  the  European  war  has  cut  in  half 
the  tonnage  of  the  Panama  Canal  traffic. 

A  very  satisfactory  record  is  being  kept  of  the  traffic  of  the 
Panama  Canal,  and  figures  of  the  cargo  and  vessel  tonnage  are 
published  week  by  week  in  the  "Canal  Record".  The  use  of  the 
canal  month  by  month,  since  August  15,  1914,  is  shown  by  the 
table  on  page  14,  which  gives  the  number  of  vessels  that  have 
passed  eastbound  and  westbound  through  the  canal,  the  number 
of  tons  of  cargo  that  have  moved  in  each  direction,  and  also  the 
gross  and  net  tonnage  of  vessels  that  passed  through  the  canal. 

The  table  shows  that  the  tonnage  has  increased  substantially 
and  has  been  appreciably  larger  since  the  first  of  March  than  it 
was  before  that  time.  During  the  first  four  full  months,  Sep- 
tember to  December,  inclusive,  the  average  cargo  tonnage  per 
month  was  410,622  tons.  During  the  four  months  March  to  June, 
inclusive,  the  average  per  month  was  584,946  tons.  For  the 
month  of  June,  1915,  the  cargo  tonnage  amounted  to  603,180  tons. 

The  commerce  served  by  the  canal  is  well  shown  by  an 
analysis  of  the  traffic  with  reference  to  five  principal  commercial 
routes.  The  table  on  page  15,  compiled  from  the  ' ' Canal  Record" 
of  August  4,  1915,  states  the  traffic  for  the  month  of  June,  east- 
bound  and  westbound,  between  the  two  seaboards  of  the  United 
States,  between  Europe  and  the  west  coast  of  the  United  States 
and  Canada,  between  Europe  and  western  South  and  Central 
America,  the  United  States  and  western  South  and  Central 
America,  and  the  United  States  and  trans-Pacific  countries. 
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Route  Tons  of  cargo 

Coastwise,  eastbound  105,946 

Coastwise,  westbound  91,181 

Total   197,127 

West  coast  of  United  States  and  Canada  to 

Europe  31,031 

Europe  to  west  coast  of  United  States  and 

Canada    15,914 

Total    46,945 

South  and  Central  America  to  Europe 58,001 

Europe  to  South  and  Central  America 12,984 

Total    70,985 

South  and  Central  America  to  United  States     80,558 
United  States  to  South  and  Central  America     68,934 

Total   149,492 

Ear   East,   including   Australia,   to   United 

States    7,025 

United  States  to  Par  East,  including  Aus- 
tralia    120,356 

Total    127,381 

Miscellaneous,  eastbound  

Miscellaneous,  westbound  11,250 

Total    11,250 

Grand  total 603,180 

During  June,  1915,  32.6  percent  of  the  cargo  tonnage  pass- 
ing through  the  canal  consisted  of  traffic  between  the  two  sea-, 
boards  of  the  United  States.  The  coastwise  commerce,  the  traffic, 
between  the  United  States  and  western  South  and  Central 
America,  and  the  trade  between  the  eastern  United  States  and 
trans-Pacific  countries  made  up  78.5  percent  of  the  total  traffic  of 
the  Panama  Canal  for  the  month  of  June,  1915.  A  comparison  of 
the  facts  contained  in  this  table  with  the  figures  of  available: 
Panama  Canal  traffic  contained  in  the  report  upon  "Panama: 
Canal  Traffic  and  Tolls"  will  show  some  of  the  effects  of  the  war 
upon  the  world's  commerce  and  upon  the  use  of  the  canal  by  that 
commerce.  Of  the  tonnage  of  shipping  that  would  have  used  a 
Panama  Canal  had  the  waterway  been  in  existence  in  1910,  37.8 
percent  would  have  consisted  of  shipping  engaged  in  commerce 
between  Europe  and  western  South  America;  the  commerce  of- 
Europe  through  the  canal  would  have  comprised  62%  percent  of 
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the  total  canal  tonnage ;  while  the  commerce  between  the  east- 
ern United  States  and  western  South  America  would  have  com- 
prised 5.6  per  cent.  It  was  estimated  that  the  traffic  between 
the  two  seaboards  of  the  United  States  during  the  first  year  or 
two  of  the  canal  would  not  amount  to  more  than  10  or  11  per- 
cent of  the  total  canal  tonnage,  and  that  the  vessels  employed  in 
the  trade  of  the  United  States  with  foreign  countries  would 
constitute  about  33  percent  of  the  total  Panama  tonnage.  These 
estimates  indicate  that  about  56  percent  of  the  shipping  using 
the  canal  would  be  employed  in  commerce  that  did  not  touch 
the  shores  of  the  United  States. 

These  comparisons  show  that  the  ratio  of  the  intercoastal 
traffic  to  the  entire  tonnage  of  the  Panama  Canal  is  3  times 
the  ratio  that  was  predicted,  and  that  the  intercoastal  and  for- 
eign commerce  of  the  United  States  making  use  of  the  canal 
accounts  for  78.5  per  cent  of  the  canal  tonnage  instead  of  for  44 
percent  as  was  estimated.  The  canal  tonnage  as  a  whole  is  about 
one  half  what  was  expected.  This  difference  between  prediction 
and  experience  is  believed  to  be  accounted  for  by  the  European 
War. 

The  effect  of  the  war  upon  the  traffic  of  the  canal  may  be 
illustrated  by  reference  to  the  shipments  of  nitrate  from  Chile. 
Nitrate  exports  normally  amount  to  2,500,000  cargo  tons 
annually.  Before  the  opening  of  the  canal,  roughly  four  fifths 
of  the  nitrate  went  to  Europe,  mainly  to  Germany,  Belgium  and 
other  sugar  producing  countries,  and  one  fifth  to  the  United 
States.  During  the  month  of  June,  1915,  the  nitrate  shipments 
to  Europe  amounted  to  only  41,251  tons,  while  the  shipments  to 
the  United  States,  instead  of  being  one  fifth  of  the  shipments  to 
Europe,  were  40  percent  more  than  the  European  tonnage,  the 
amount  being  58,824  tons.  During  the  three  months  of  April, 
May  and  June,  1915,  the  total  shipments  to  Europe  amounted  to 
135,404  tons,  and  to  the  United  States,  168,092  tons.  These 
figures  show  that  the  nitrate  shipments  as  a  whole  are  only  a 
fraction  of  the  normal  amount,  and  that  the  war  has  stopped 
nearly  all  of  the  purchases  of  nitrate  by  European  countries. 

As  was  expected,  the  traffic  through  the  canal,  both  east- 
bound  and  westbound,  comprises  a  large  number  of  commodities. 
This  is  especially  true  of  the  trade  between  the  two  seaboards  of 
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the  United  States.  It  will  be  noted  from  the  above  table  that 
during  the  month  of  June,  1915,  the  westbound  intercoastal 
shipments  amounted  to  53.3  percent  of  the  coast-to-coast  traffic 
through  the  canal,  the  westbound  shipments  consisting  mainly  of 
coal,  coke  and  manufactures.  Among  the  manufactures  shipped 
from  the  eastern  seaboard  to  the  west  coast  of  the  United  States 
in  large  quantities  were  iron  and  manufactures  of  iron  and 
steel,  petroleum  and  textiles.  "General  cargo",  including  a  wide 
range  of  manufactures,  makes  up  a  large  share  of  the  westbound 
intercostal  traffic  through  the  canal.  The  eastbound  shipments 
through  the  canal  also  include  many  kinds  of  commodities, 
although  the  number  of  articles  shipped  eastbound  is  less  than 
the  number  of  those  moving  in  the  opposite  direction.  Sugar 
from  the  Hawaiian  Islands  to  New  York  is  a  large  single  item  of 
eastbound  traffic.  The  heavy  movement  of  nitrates  to  the  United 
States  has  already  been  mentioned.  The  opening  of  the  canal 
made  possible  the  establishment  of  a  fleet  of  ore  carriers  to  bring 
iron  ore  from  Chile  to  Philadelphia,  and  between  15,000  and 
20,000  tons  of  that  ore  are  being  brought  to  Philadelphia  each 
month.  When  business  revives,  it  is  probable  that  this  iron  ore 
tonnage  will  be  much  larger.  Lumber  in  relatively  large  tonnage 
is  shipped  through  the  canal  to  the  east  coast  of  the  United 
States,  to  Canada  and  across  the  Atlantic  to  England.  Flour 
from  the  west  coast  is  shipped  mainly  to  Europe. 

The  commerce  between  the  eastern  seaboard  of  the  United 
States  and  trans-Pacific  countries  via  the  canal  is  worthy  of 
especial  notice.  The  lines  that  have  formerly  been  operated 
between  New  York  and  Australia  by  way  of  the  Cape  of  Good 
Hope  have  been  changed  to  the  Panama  route.  Likewise  the 
commerce  between  the  eastern  seaboard  of  the  United  States  and 
the  Pacific  coast  of  Asia  is  being  handled  through  the  canal. 
During  the  three  months  of  April,  May  and  June,  1915,  the 
total  cargo  tonnage  between  the  eastern  seaboard  of  the 
United  States  and  trans-Pacific  countries  was  300,530.  The 
establishment  of  direct  steamship  services  between  the  eastern 
seaboard  of  the  United  States  and  trans-Pacific  countries  has 
already  tended  to  lessen  the  importance  of  Europe  as  a  market 
for  the  Australian  and  Oriental  goods  imported  into  the  United 
States.    London  has  been,  and  probably  will  continue  to  be,  the 
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great  wool  market  of  the  world,  but  shipments  of  wool  have 
already  been  made  via  the  canal  from  Brisbane  to  New  York 
and  from  Melbourne  to  Boston.  These  direct  shipments  doubt- 
less indicate  that  a  larger  share  of  the  Australian  wool  brought 
into  the  United  States  will,  in  the  future,  come  directly  via  the 
canal  and  a  smaller  share  indirectly  via  the  London  market. 
What  is  true  of  wool  will  be  true  of  other  commodities  received 
from  trans-Pacific  countries,  and  the  canal  may  be  expected 
gradually  to  increase  direct  trading  between  the  United  States 
and  Pacific  countries  with  which  commerce  up  to  the  present  has 
been  carried  on  largely  by  way  of  Europe.  The  shifting  of 
markets  due  to  the  establishment  of  new  transportation  routes  is 
a  slow  process,  and  the  influence  of  the  canal  upon  the  relocation 
of  the  world's  primary  trade  centers  will  be  gradual,  but,  in  the 
long  run,  of  great  importance  to  the  United  States. 

The  use  made  of  the  Panama  Canal  by  American  manufac- 
turers and  traders  will  depend  upon  the  extent  to  which  the 
steamship  lines  operating  through  the  canal  are  able  to  compete 
with  the  rail  lines  connecting  the  eastern  and  western  parts  of 
the  United  States  for  traffic  originating  or  terminating  at  inter- 
ior points.  It  is  too  early  to  reason  with  any  degree  of  finality 
concerning  the  ability  of  the  coastwise  carriers  to  secure  traffic 
between  the  Mississippi  Valley  and  the  Eocky  Mountain  States. 
There  is  no  doubt,  however,  that  the  rail  and  water  lines  will 
actively  compete  for  large  west-coast  shipments  to  and  from  all 
points  between  the  Atlantic  seaboard  and  places  as  far  west  as 
St.  Paul  and  St.  Louis.  For  the  most  part,  the  traffic  of  the 
eastern  part  of  the  United  States  will  move  to  the  west-coast 
states  by  rail,  but  there  will  be  active  and  continuous  competi- 
tion for  a  portion  of  this  traffic. 

In  the  report  which  the  Interstate  Commerce  Commission 
submitted  January  29,  1915,  concerning  the  application  of  the 
long  and  short  haul  section  of  the  interstate  commerce  act  to 
rates  to  Pacific  coast  terminals  and  intermediate  points,  the 
Commission  states  that  the  testimony  shows 

"  .  .  .  .a  reaching  out  by  these  water  carriers  to  territory 
from  which  heretofore  they  have  drawn  but  little  if  any  traffic, 
and  the  movement  by  water  of  various  commodities  that  here- 
tofore   have    moved    almost    exclusively    by    rail.      Prominent 
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instances  of  these  are  the  following :  A  shipment  of  32  cars  of 
cast-iron  pipe  from  Birmingham,  Ala.,  by  rail  to  New  Orleans, 
thence  by  water  to  the  Pacific  coast ;  a  shipment  of  paper  bags 
from  Sandy  Hill,  N.  Y.,  via  New  York  and  ocean;  shipments 
of  catsup  from  Eochester,  N.  Y.,  via  New  York  and  ocean ;  140 
cars  of  structural  iron  originating  in  various  parts  of  Pennsyl- 
vania; 50  cars  of  wire  fencing  from  various  points  in  Penn- 
sylvania; 1200  tons  of  rails  from  Lorain,  Ohio;  653  pieces  op 
wrought-iron  pipe  from  "Wheeling,  ~W.  Va. ;  from  10,000  to 
15,000  tons  of  wrought-iron  pipe  from  Youngstown,  Ohio". 

Flour  from  St.  Paul  to  the  Orient  has  recently  been  shipped 
via  New  York  and  the  canal  and  from  time  to  time  shipments 
are  made  to  the  west  coast  of  the  United  States  and  to  trans- 
pacific countries  via  the  Atlantic  seaboard  and  the  canal  from 
points  between  the  Alleghany  Mountains  and  the  Mississippi 
Uiver.  The  competition  of  the  coastwise  carriers  for  traffic  from 
and  to  the  section  west  of  the  Alleghanies  is  mainly  for  large 
individual  shipments.  Only  a  part  of  any  one  producer's  out- 
put will  ordinarily  be  sent  via  the  canal  instead  of  by  rail;  but 
the  canal  route,  by  drawing  commodities  of  many  kinds  from 
many  points  west  of  the  Alleghany  Mountains,  will  steadily 
increase  the  tonnage  of  canal  traffic,  gradually  build  up  produc- 
tion and  widen  the  markets  of  American  made  goods ;  and,  inci- 
dentally, bring  about  two  other  results  that  require  considera- 
tion, a  shifting  of  some  industries  or  of  some  manufacturing 
activities  from  the  interior  to  or  near  the  seaboard  and  a  read- 
justment of  the  rates  charged  by  the  transcontinental  rail  lines. 

PROBABLE  INFLUENCE  OF  THE  CANAL  UPON  THE  LOCATION 
AND  DEVELOPMENT  OE  AMERICAN  INDUSTRIES. 

There  has  been  apprehension  on  the  part  of  manufacturers 
in  the  central  section  of  the  United  States  and  also  on  the  part 
-of  the  railroad  companies  whose  lines  connect  the  Mississippi 
"Valley  with  the  Pacific  coast  lest  the  Panama  Canal  may  cause 
the  rates  coastwise  between  the  two  seaboards  to  be  so  much 
lower  than  the  rates  all-rail  or  by  rail-and-ocean  between  the 
■section  extending  from  the  Alleghany  Mountains  to  the  Missouri 
Biver  and  the  section  along  and  tributary  to  the  west  coast  as 
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to  make  it  impossible  for  some  producers  at  interior  points  to 
compete  successfully  with  producers  at  or  near  the  seaboard,  and 
in  consequence  to  bring  about  the  shifting  of  some  industries 
from  the  Mississippi  Valley  to  the  Atlantic  seaboard  states  and 
to  cause  new  industries  to  be  located  near  the  seaboard  rather 
than  in  the  inland  cities. 

Producers  located  at  inland  points  will,  without  doubt, 
have  to  pay  higher  rates  on  goods  shipped  in  either  direction 
between  the  eastern  and  western  sections  of  the  United  States, 
and  producers  located  at  or  near  the  Atlantic  and  Gulf  sea- 
boards will  enjoy  lower  rates  than  can  be  secured  by  producers 
at  interior  points,  not  only  on  traffic  between  the  two  seaboards 
of  the  United  States,  but  on  shipments  to  and  from  western 
South  America,  Australasia  and  the  Orient.  On  account  of 
these  changes  in  rates  at  and  near  the  seaboard,  manufacturers 
having  plants  both  at  inland  cities  and  at  places  on  or  near  the 
seaboard  will,  probably,  when  it  is  practicable  to  do  so,  turn 
over  to  their  seaboard  plants  orders  for  foreign  shipment  and 
orders  requiring  the  shipping  of  goods  between  the  two  sea- 
boards of  the  United  States.  This  division  of  the  work  between 
inland  and  seaboard  plants  would  naturally  be  made  in  the  pro- 
duction of  plates,  rails,  nails,  and  other  heavy  manufactures,  the 
freight  rates  upon  which  will  amount  to  a  considerable  percent- 
age of  the  selling  value. 

The  advantage  in  freight  rates  which  seaboard  plants  will 
have  because  of  the  canal  may  also  be  expected  to  result  in  the 
erection  of  some  plants  at  or  near  the  seaboard  that  would,  if 
there  were  no  canal,  be  constructed  at  inland  points.  The 
influence  of  the  canal  on  the  location  of  industries  may,  how- 
ever, be  easily  exaggerated.  The  United  States  as  a  whole  is  so 
large,  its  industries  are  so  varied  and  so  widely  distributed 
through  the  country,  and  the  interstate  commerce  by  rail  is  so 
many  times  greater  than  the  entire  traffic  through  the  canal  will 
ever  be  that  the  commerce  by  way  of  the  canal  between  the  two 
seaboards  of  the  United  States  and  between  either  of  those  sea- 
boards and  foreign  countries  can  be  only  one  of  the  many  forces 
that  will  influence  the  location  of  industries.  The  greatest  factor 
determining  the  location  of  industries  in  the  United  States  is 
the  domestic  market.    A  second,  and  a  most  influential,  factor,  is 
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the  source  of  raw  materials.  "While  freight  rates  are  a  third 
influence  that,  determines  where  plants  shall  be  constructed  and 
industries  be  conducted,  freight  rates  are  not  the  strongest 
influence  determining  the  distribution  of  industries.  It  often 
happens  that  the  ability  to  ship  by  rail  to  all  points  of  the  coun- 
try with  dispatch  and  with  a  minimum  handling  of  goods  will 
cause  an  industry  to  locate  at  an  inland  point,  although  by  locat- 
ing at  or  near  a  seaport  lower  freight  rates  could  be  obtained. 

The  first  and  most  direct  effect  of  the  Panama  Canal  is  its 
influence  upon  ocean  freight  rates,  but  inasmuch  as  transporta- 
tion rates  are  but  one  of  the  items  in  the  cost  of  production,  the 
indirect  and  most  important  benefit  of  the  canal  is  the  aid  it 
renders  in  the  development  of  industries.  It  will  hardly  be 
necessary  in  this  paper  to  set  forth  in  detail  the  relation  of  the 
Panama  Canal  to  the  industrial  development  of  different  sec- 
tions of  the  United  States.  In  a  report  upon  "The  Industrial 
and  Commercial  Value  of  an  Isthmian  Canal",  published  in 
1901  as  a  part  of  the  Report  of  the  Isthmian  Canal  Commission, 
and  reprinted  in  1912  as  an  appendix  to  the  report  upon 
■"Panama  Canal  Traffic  and  Tolls",  the  writer  has  considered  at 
length  the  relation  of  the  canal  to  the  industries  and  trade  of 
the  eastern,  southern,  central  and  western  sections  of  the  coun- 
try. This  report  also  contains  separate  chapters  upon  the  rela- 
tion of  the  canal  to  the  coal  trade,  the  iron  and  steel  industries, 
and  the  shipbuilding  and  maritime  interests  of  the  United  States. 

The  general  industrial  effect  produced  by  the  Panama  Canal 
through  its  reduction  of  the  expense  of  transportation  is  to 
afford  a  wider  market  within  and  without  the  country  for  the 
products  of  the  mills  and  factories  of  American  producers.  The 
distance  at  which  many  kinds  of  goods  can  be  marketed  depends 
■directly  upon  transportation  costs.  Moreover,  success  in  many 
markets  depends  upon  conditions  of  competition.  For  the  trade 
■of  the  United  States  with  western  South  America,  Australia  and 
"the  Orient,  the  canal  has  made  it  possible  for  American  industries 
"to  compete  much  more  readily  with  European  industries,  and, 
as  time  passes,  the  favorable  effect  of  these  improved  conditions 
of  competition  should  become  increasingly  evident. 

The  analysis  given  above  of  the  traffic  of  the  canal  shows 
that  the  iron  and  steel  and  other  manufacturing  industries  in 
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the  eastern  and  central  parts  of  the  United  States  have  already 
begun  to  make  much  use  of  the  canal  to  reach  markets  in  the 
western  part  of  the  United  States  and  in  trans-Pacific  countries. 
Cargoes  of  southern  cotton,  lumber,  coal  and  heavy  iron  prod- 
ucts have  been  sent  through  the  canal  to  Pacific  markets,  and 
there  can  hardly  be  any  doubt  that  year  by  year,  and  decade  by 
decade,  the  Panama  Canal  will  assist  in  building  up  the  indus- 
tries and  trade  of  the  eastern  and  southern  sections  of  the 
country. 

It  was  the  states  on  the  Pacific  coast  that  had  the  greatest 
interest  in  the  construction  of  the  canal.  Manufacturing  being 
in  an  early  stage  of  development,  those  states  were,  before  the 
opening  of  the  canal,  obliged  to  secure  manufactured  goods 
mostly  by  rail,  and  to  pay  high  freight  rates  for  the  long  and 
expensive  haul  from  the  eastern  and  central  sections  of  the 
country  over  the  Rocky  Mountains  barrier.  Likewise,  the  peo- 
ple of  the  west  coast  section  had  to  pay  high  freight  rates  on 
their  grain,  lumber,  fruit,  fish  and  other  staple  products.  The 
Panama  Canal  has  enabled  the  west  coast  of  the  United  States 
to  reach  the  markets  of  both  sides  of  the  Atlantic  readily  and 
inexpensively,  and  has  prepared  the  way  for  the  expansion  of 
west-coast  industries  at  an  even  more  rapid  rate  than  has  thus 
far  characterized  their  development. 

THE   CANAL  AND  RAILWAY  BATES   AND   TRAFFIC. 

The  first  railroad  connecting  the  Mississippi  Valley  and  the 
Pacific  coast,  the  Union  Pacific-Central  Pacific  line,  was  opened 
in  1869.  During  the  next  fifteen  years  several  other  railroads 
to  the  Pacific  were  constructed.  Before  the  first  railroad  was 
built  through  to  the  Pacific,  traffic  was  handled  between  the  two 
seaboards  of  the  United  States  by  way  of  the  Isthmus  of  Panama, 
across  which  a  railroad  connecting  Colon  and  Panama  was 
opened  in  1855.  Before  the  Panama  route  was  available,  traffic 
was  carried  between  the  two  seaboards  by  sailing  vessels  around 
Cape  Horn  and  by  steamers  through  the  Straits  of  Magellan, 
and,  in  1907,  seven  years  before  the  opening  of  the  Panama 
Canal,  commerce  between  the  two  seaboards  of  the  United  States 
had  begun  to  be  handled  in  relatively  large  volume  by  way  of 
the  Isthmus  of  Tehuantepec. 
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These  various  routes  coastwise  between  the  two  seaboards, 
though  the  service  via  the  Isthmus  was  more  or  less  under  the 
influence  of  the  transcontinental  railroad  companies,  regulated 
through  railroad  rates  between  the  eastern  and  western  sections 
of  the  country.  A  reference  to  the  main  features  of  the  present 
transcontinental  railway  rate  structure  will  show  how  the  com- 
petition of  the  coastwise  carriers  has  influenced  the  freight 
charges  of  the  Pacific  railroads : 

(a)  The  through  rates  between  the  two  seaboards  are  lower 
than  the  charges  for  the  shorter  haul  to  and  from  intermediate 
points  in  the  Rocky  Mountain  States.  The  rates  from  New  York 
or  Pittsburgh  to  points  in  Nevada  or  Utah  are  higher  than  the 
rates  to  California;  likewise  rates  from  Nevada,  Utah  or  Idaho 
to  the  eastern  part  of  the  United  States  are  usually  in  excess  of 
charges  from  points  at  or  near  the  seaboard  in  California,  Oregon 
and  Washington. 

(b)  The  westbound  rates  to  the  intermediate  points,  until 
recently,  have  usually  been  the  sum  of  the  through  rate  plus  the 
local  rate  from  the  nearest  Pacific  coast  terminal  to  the  inter- 
mediate point  of  destination,  i.  e.,  the  rate  from  Philadelphia  to 
Reno,  Nevada,  has  formerly  been  the  rate  to  Sacramento,  the 
nearest  Pacific  coast  "terminal",  plus  the  local  rate  from  that 
terminal  to  Reno.  Some  intermediate  rates,  particularly  the 
rates  to  intermountain  points  on  the  northern  transcontinental 
lines,  have  been  the  sum  of  the  rates  to  or  from  the  Pacific  coast 
terminal  plus  a  differential  somewhat  less  than  the  local  rate 
between  the  seaboard  terminal  and  the  intermediate  point. 

After  a  long  contest  carried  on  by  the  shippers  in  the  inter- 
mountain territory  against  these  higher  rates  at  intermediate 
points,  the  Interstate  Commerce  Commission,  in  1911,*  estab- 
lished a  percentage  adjustment  between  the  through  and  inter- 
mediate rates  on  westbound  shipments.  The  decisions  of  the 
Interstate  Commerce  Commission  in  the  Reno  and  Spokane 
cases,  which  were  later  upheld  by  the  Supreme  Court,!  pro- 
vided that,  on  traffic  originating  at  the  Missouri  River  and  points 

*  Railroad  Commission  of  Nevada  vs.  Southern  Pacific  Co.  et  al., 
I.  C.  C.  Reps.,  XXI,  329-84;  City  of  Spokane  et  al.,  vs.  Northern  Pacific 
Co.,  et  al.,  Hid.,  XXI,  400-27. 

t  Intermountain  Rate  Cases,  234  U.  S.  476.    Decided  June  22,  1914. 
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west  thereof  (Zone  1),  the  rates  to  intermediate  points  should 
not  be  higher  than  the  rates  through  to  the  Pacific  coast  termi- 
nals; that  on  traffic  originating  in  the  Chicago  territory  and  at 
points  between  Chicago  and  the  Missouri  Eiver  (Zone  2),  the 
rates  to  intermountain  points  should  not  exceed  by  more  than 
7  percent  the  through  rates  to  the  coast;  that,  on  shipments 
originating  in  the  Buffalo-Pittsburgh  territory  and  in  the  sec- 
tion between  that  territory  and  Chicago  (Zone  3),  the  rates  to 
intermountain  points  should  not  exceed  the  through  rates  by 
more  than  15  per  cent;  and  that,  on  traffic  from  the  section 
between  the  Buffalo-Pittsburgh  district  and  the  Atlantic  sea- 
board (Zone  4),  the  rates  to  intermountain  points  should  not 
exceed  the  rates  through  to  the  Pacific  seaboard  terminals  by 
more  than  25  per  cent.  These  percentages  indicate  the  Com- 
mission's estimate  of  the  influence  of  the  Panama  and  Tehuan- 
tepec  routes  upon  the  transcontinental  railroad  rates  before  the 
opening  of  the  Panama  Canal. 

(c)  Another  effect  of  the  competition  of  the  coastwise  lines 
with  the  transcontinental  railroads  was  the  blanketing  of  west- 
bound railroad  rates  over  the  eastern  half  of  the  United  States. 
The  rates  to  the  west  coast  on  most  commodities  were  the  same 
from  all  points  east  of  the  Missouri  Eiver,  i.  e.,  the  same  rate 
prevailed  from  New  York,  Chicago,  St.  Louis  and  Kansas  City 
to  west-coast  points.  This  system  of  blanketing  rates  has  pre- 
vailed since  1896.  Both  class  rates  and  commodity  rates  west- 
bound as  well  as  eastbound  are  stated  by  so-called  "rate  groups" 
or  zones  into  which  the  eastern  half  of  the  United  States  is 
divided.  In  the  case  of  class  rates,  there  is  some  grading  of 
charges  by  rate  groups  on  westbound  traffic,  and  to  a  greater 
extent  upon  eastbound  freight.  However,  most  commodities 
shipped  from  the  eastern  half  of  the  United  States  to  the  west 
coast  pay  the  same  rate  whether  shipped  from  the  Atlantic  sea- 
board section  or  from  the  central  west.* 

As  stated  in  the  report  upon  "Panama  Canal  Traffic  and 
Tolls": 

' '  The  through  route  between  the  two  seaboards  via  the  South- 
ern Pacific  Eailroad  from  the  Pacific  coast  to  Galveston  and 

*  For  a  full  explanation  of  transcontinental  freight  rates,  see  chap, 
xxiv,  vol.  I,  "Railroad  Traffic  and  Rates"  by  Johnson  and  Huebner,  1911. 
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New  Orleans  and  from  those  cities  to  New  York  by  the  Southern 
Pacific  Company's  steamers  (the  Morgan  Line)  was  established 
in  1883.  The  Sunset-Gulf  route  immediately  began  an  active 
warfare  against  its  competitors  by  rail  and  by  water  lines,  and 
secured  a  large  share  of  the  traffic  from  coast  to  coast.  The 
transcontinental  railroads,  other  than  the  Southern  Pacific,  ran 
from  the  Mississippi  and  Missouri  rivers  to  the  Pacific  coast  and 
were  primarily  interested  in  the  development  of  traffic  between 
the  middle  west  and  the  Pacific  coast.  The  rates  by  the  Sunset- 
Gulf  route  from  New  York  to  San  Francisco  were  made  the  same 
as  the  rates  by  the  transcontinental  lines  from  St.  Louis  and 
Missouri  Eiver  crossings  to  the  Pacific.  Gradually  the  rates  by 
the  through  all-rail  lines  from  the  Atlantic  to  the  Pacific  were 
made  the  same  as  the  rates  from  Chicago,  St.  Louis  and  Missouri 
Eiver  crossings  to  the  Pacific  seaboard.  This  system  of  blanket 
rates  was  worked  out  by  1896,  and  has  since  prevailed  on  west- 
bound traffic." 

This  policy  of  the  Southern  Pacific  had  much  to  do  in  bring- 
ing about  the  blanketing  of  westbound  transcontinental  rates. 
The  other  cause  that  brought  about  this  system  of  blanketing 
rates  was  the  insistence  of  manufacturers  in  Chicago,  St.  Louis, 
St.  Paul  and  other  central  western  points,  as  well  as  the  demand 
of  the  railroads  connecting  the  Mississippi  Valley  with  the  Pacific 
coast,  that  the  middle  west  should  be  allowed  to  market  its  prod- 
ucts on  the  west  coast  in  even  competition  with  manufacturers 
located  at  or  near  the  Atlantic  seaboard  whose  rates  by  rail  to 
the  Pacific  coast  were  regulated  by  competition  between  the 
coastwise  and  rail  lines. 

Bastbound  rates  from  west-coast  points  to  places  on  and 
east  of  the  Missouri  River  were,  in  part,  blanketed  over  the  ter- 
ritory east  of  the  Missouri  River,  but  the  system  of  blanketing 
the  territory  east  of  the  Missouri  River  did  not  prevail  so  fully  in 
eastbound  as  in  westbound  tariffs.  Bastbound  rates  were,  and 
still  are,  graded  by  zones,  or  by  so-called  "rate  groups",  as 
explained  above,  but  in  the  case  of  fruit,  lumber  and  other  impor- 
tant commodities  there  is  little  grading  of  rates  as  between  dif- 
ferent parts  of  the  territory  east  of  the  Missouri  River. 

Such  was  the  system  of  transcontinental  railroad  rates  at 
the  time  of  the  opening  of  the  canal.    Shortly  before  the  canal 
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route  became  available,  the  Supreme  Court  had,  as  stated  above, 
upheld  the  decisions  of  the  Interstate  Commerce  Commission  in 
the  Intermountain  Rate  cases  and  the  Commission  had  issued  an 
order  establishing  the  percentage  adjustment  above  described 
between  the  through  rates  to  the  west  coast  and  the  rates  to  inter- 
mediate intermountain  points.  Had  that  system  of  percentage 
adjustments  remained  unchanged,  the  effect  of  the  canal  upon 
through  rates  by  rail  between  the  two  seaboards  would  have  been 
to  have  determined  automatically  the  rates  to  intermediate  inter- 
mountain points.  The  Pacific  railroads,  supported  by  certain 
business  interests  in  the  middle  west,  were,  however,  desirous  of 
securing  authority  to  reduce  rates  by  rail  from  the  middle  west 
to  the  Pacific  coast  without  being  obliged  thereby  to  lower  the 
charges  to  intermediate  places  in  the  Rocky  Mountain  territory ; 
and  the  Interstate  Commerce  Commission  was  petitioned  to  per- 
mit the  reduction  of  some  through  rates  without  making  a  change 
in  the  intermediate  charges.  In  other  words,  the  Interstate  Com- 
merce Commission  was  petitioned  to  modify  its  decisions  in  the 
Spokane  and  Reno  cases;  and,  after  hearings  held  in  October, 
1914,  the  Interstate  Commerce  Commission,  in  an  opinion  ren- 
dered January  29,  1915,  permitted  the  railroads  under  certain 
limitations  to  reduce  the  through  rates  to  the  west  coast  without 
lowering  the  charges  to  intermediate  points  in  the  Rocky  Moun- 
tain territory  on  a  list  of  articles  including  the  commodities  for 
the  transportation  of  which  the  competition  between  the  rail 
and  water  lines  is  most  active.* 

In  this  opinion  the  Commission  considers  fully  the  effect  of 
the  rates  by  the  canal  upon  the  traffic  and  charges  of  the  trans- 
continental railroads.  In  presenting  their  case  to  the  Commis- 
sion, the  carriers  divided  the  commodities  carried  by  the  trans- 
continental railroads  into  three  schedules,  A,  B  and  C.  In 
schedules  A  and  B  were  placed  articles  upon  which  the  rates  had 
been  published  by  the  carriers  in  accordance  with  the  prior  order 
of  the  Commission  fixing  the  percentage  adjustment  between  the 
rates  to  the  seaboard  and  to  intermediate  points.  In  schedule  C 
were  listed  the  articles  upon  which  the  carriers  wished  to  estab- 
lish through  rates  lower  than  the  rates  to  intermediate  points  by 

*  Commodity  Bates  to  Pacific  Coast  Terminals  and  Intermediate 
Points,  I.  C.  C.  Eeps.  XXXII,  611-58;  Ibid.  XXXIII,  13-20. 
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an  amount  greater  than  permissible  under  the  Commission's 
percentage  adjustment. 

After  comparing  the  rates  by  rail  on  the  leading  articles  in 
schedule  C  with  the  rates  being  quoted  in  September,  1914,  by 
coastwise  carriers,  and  after  pointing  out  the  fact  that  the  traffic 
moving  by  canal  was  of  large  volume  comprising  many  kinds  of 
commodities  drawn  from  the  middle  west  as  well  as  from  the 
Atlantic  seaboard  section  of  the  country,  the  Commission  reached 
the  opinion  that 

"Whatever  may  have  been  the  degree  of  competition  in  the 
past  between  the  rail  carriers  and  the  water  carriers  as  to  the 
rates  on  these  articles  concerning  which  additional  relief  is  now 
sought,  we  are  witnessing  the  beginning  of  a  new  era  in  trans- 
portation between  the  Atlantic  and  Pacific  coasts.  To  secure  any 
considerable  percentage  of  this  coast-to-coast  traffic,  rates  on 
many  commodities  must  be  established  by  the  rail  lines  mate- 
rially lower  than  those  now  existing. ' ' 

The  Commission  took  the  position  that  the  railroads  should 
be  permitted  to  compete  with  the  coastwise  lines  for  traffic  as 
long  as  the  rates  secured  by  the  railroads  ' '  clearly  cover  the  out- 
of-pocket  cost."  In  justification  of  this  position,  the  Commission 
makes  the  following  statement  of  its  view  as  to  the  policy  that 
should  be  followed  in  adjusting  the  competitive  relations  between 
the  railroads  and  the  Panama  Canal : 

' '  It  has  been  suggested  that  the  construction  of  the  Panama 
Canal  by  the  Government  of  the  United  States  is  indicative  of  a 
governmental  policy  to  secure  all  of  this  coast-to-eoast  business 
for  the  water  lines,  and  that  no  adjustment  of  rates  by  the  rail 
lines  should  be  permitted  which  will  take  away  traffic  from  the 
ocean  carriers  which  normally  might  be  carried  by  them.  This 
suggestion,  however,  loses  force  under  the  consideration  that 
the  Panama  Canal  is  but  one  of  the  agencies  of  transportation 
that  the  Government  of  the  United  States  has  fostered  between 
the  Atlantic  coast  and  the  Pacific.  The  Government  has  from 
the  beginning  of  railroad  construction  in  the  United  States 
encouraged  their  construction  and  operation  by  private  capital 
and  enterprise.  Some  of  these  transcontinental  lines  would  not 
have  been  built  had  it  not  been  for  the  liberality  the  Government 
extended  to  them  at  the  time  of  their  construction.    As  we  view 
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it,  the  Panama  Canal  is  to  be  one  of  the  agencies  of  transporta- 
tion between  the  east  and  the  west,  but  not  necessarily  the  sole 
carrier  of  the  coast-to-eoast  business.  If  the  railroads  are  able 
to  make  such  rates  from  the  Atlantic  seaboard  to  the  Pacific  coast 
as  will  hold  to  their  lines  some  portion  of  this  traffic  with  profit 
to  themselves,  they  should  be  permitted  so  to  do.  The  acceptance 
of  this  traffic  will  add  something  to  their  net  revenues,  and  to 
that  extent  decrease,  and  not  increase,  the  burden  that  must  be 
borne  by  other  traffic.  It  will  also  give  the  shippers  at  the  coast 
points  the  benefits  of  an  additional  and  a  competitive  service". 

In  adjusting  the  transcontinental  railroad  rates  to  carry  out 
this  view,  the  Interstate  Commerce  Commission  authorized  some 
important  modifications  of  the  percentage  relationship  that  was 
established,  and  still  exists,  between  the  through  rates  to  the 
west  coast  and  the  rates  to  intermediate  points  from  the  four 
zones  into  which  the  United  States,  other  than  the  section  south 
of  the  Ohio  and  Potomac  (Zone  5  which  is  not  included  in  the 
percentage  rate  adjustment),  has  been  divided.*  The  present 
rate  adjustment  indicates  concretely  the  effect  which  the  Panama 
Canal  has  actually  had  upon  the  rates  of  the  transcontinental 
railroads. 

For  the  commodities  included  in  the  railroad  companies' 
schedules  A  and  B,  the  percentage  adjustment  as  between 
through  and  intermediate  rates  is  continued  without  modifica- 
tion; but  for  the  commodities  included  in  schedule  C,  a  greater 
difference  between  the  through  and  intermediate  rates  than  was 
provided  for  by  the  percentage  adjustment  is  permitted  in  the 
case  of  .certain  designated  commodities  and  under  specified  limi- 
tations. The  adjustment  of  rates,  effective  May  1,  1915,  for 
schedule  C  commodities  was,  in  general,  as  follows: 

From  points  on  the  Missouri  River  and  in  the  territory  west 
thereof  (Zone  1),  carload  rates  to  intermediate  points  are  not  to 
exceed  those  to  Pacific  coast  terminals,  except  for  a  list  of  28 
articles  or  commodity  groups  which  consist,  for  the  most  part, 
of  various  kinds  of  iron  and  steel  manufactures.  In  the  case  of 
this  excepted  list  the  through  rates,  as  filed  by  the  carriers,  may 

*  The  order  of  the  Interstate  Commerce  Commission,  in  its  decision 
of  January  29,  1915  (I.  C.  C.  Reps.,  XXXII,  659),  defines  the  boundaries 
of  the  five  rate  zones. 
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be  less  than  the  intermediate  rates,  provided  that  the  rates  to 
intermediate  points  in  no  instance  exceed  75  cents  per  100 
pounds. 

Carload  rates  through  to  the  Pacific  seaboard  from  Zones 
2,  3  and  4  may  be  higher  than  the  intermediate  rates  for  articles 
listed  in  schedule  C  (with  the  exception  of  six  exempted  com- 
modities and  of  27  items  that  were  withdrawn  by  the  carriers 
from  their  petition),  provided  the  rates  to  intermediate  inter- 
mountain  points  from  points  in  Zones  2,  3  and  4  do  not  exceed 
the  rates  from  the  Missouri  Eiver  to  the  same  destinations  by 
more  than  15,  25  and  35  cents  per  100  pounds  respectively.  In 
the  case  of  coal  and  pig  iron,  the  rates  to  the  Pacific  coast  may 
be  lower  than  the  rates  to  intermediate  points,  provided  the  inter- 
mediate rates  do  not  exceed  5  mills  per  ton  per  mile. 

For  commodities  in  schedule  C  the  through  rates  on  less 
than  carload  shipments  from  points  in  Zone  1  may  be  lower  than 
the  rates  to  intermediate  points  on  "all  articles  listed  as  first  or 
second  class  in  western  classification  upon  which  the  rates  to  the 
terminals  are  less  than  $1.50  per  100  pounds,  and  on  all  articles 
listed  as  third  or  lower  class  on  which  the  rates  to  the  terminals 
are  less  than  $1.25  per  100  pounds,  provided  that  on  and  after 
May  1,  1915,  the  rates  to  intermediate  points  on  all  such  first 
and  second  class  articles  do  not  exceed  $1.50  per  100  pounds,  and 
on  all  such  third  or  lower  class  articles  $1.25  per  100  pounds." 

Less  than  carload  commodity  rates  from  points  in  Zones  2, 
3  and  4  to  Pacific  coast  terminals,  as  filed  by  the  carriers,  may  be 
lower  than  the  rates  to  intermediate  points,  provided  "the  rates 
to  intermediate  points  do  not  exceed  the  rates  from  the  Mis- 
souri River  to  the  same  destinations  by  more  than  25,  40  and  55 
cents  per  100  pounds  from  points  in  Zones  2,  3  and  4, 
respectively". 

With  the  permission  of  the  Interstate  Commerce  Commis- 
sion the  through  rates  from  the  eastern  half  of  the  United  States 
to  the  Pacific  seaboard  are  made  enough  lower  than  the  rates  to 
intermediate  points  to  enable  the  railroads  to  engage  actively  in 
competition  with  the  coastwise  lines  operated  via  the  Panama 
Canal.  For  territory  within  200  miles  of  the  Pacific  coast,  the 
rates  directly  by  rail  from  the  east  are  fixed  by  adding  to  the 
low  through  rate  to  the  Pacific  coast  terminal  75  percent  of  the 
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local  rate  from  the  nearest  terminal  to  the  point  of  destination  in 
the  "back  haul"  territory  within  200  miles  of  the  Pacific  coast, 
provided  the  sum  of  the  through  rate  and  75  percent  of  the  local 
"back  haul"  rate  is  not  greater  than  the  maximum  prescribed 
for  intermediate  points  in  the  adjustment  above  described.  The 
Pacific  coast  ports  included  by  the  Interstate  Commerce  Com- 
mission in  the  list  of  cities  to  which  terminal  rates  are  allowed 
are  San  Diego,  San  Pedro,  Bast  San  Pedro,  Wilmington,  Bast 
Wilmington,  San  Francisco,  and  Oakland,  Cal. ;  Astoria  and 
Portland,  Ore.,  Vancouver,  Bellingham,  South  Bellingham, 
Everett,  Tacoma,  Seattle,  Aberdeen,  Hoquiam,  and  Cos- 
mopolis,  Wash. 

This  complicated  adjustment  of  the  rates  of  the  railroads 
connecting  the  Mississippi  Valley  with  the  Pacific  coast  will, 
doubtless,  have  the  effect  of  enabling  the  Pacific  railroads  to  com- 
pete successfully  with  the  routes  by  rail  to  the  seaboard  and 
on  by  intercoastal  water  lines  for  the  traffic  between  the  middle 
west  and  the  Pacific  coast.  The  rate  adjustment  will  also  assist 
the  middle  west  in  competing  with  the  industries  at  or  near 
the  Atlantic  seaboard  for  the  west  coast  business.  Shippers  in 
the  intermountain  section  of  the  United  States  are  very  naturally 
opposed  to  a  system  of  rates  that  makes  charges  to  the  inter- 
mediate points  in  the  Rocky  Mountain  States  higher  than  the 
through  rates  to  the  Pacific  coast,  and  the  permanence  of  the 
present  rate  adjustment  will  depend  upon  whether  the  people  in 
the  intermountain  states  will,  in  the  future,  be  able  to  make  their 
opposition  effective. 

The  probable  effect  of  the  Panama  Canal  upon  the  rates 
and  traffic  of  the  Pacific  railroads  was  discussed  as  follows  by 
the  writer,  in  1901,  in  the  "Report  on  The  Industrial  and  Com- 
mercial Value  of  the  Isthmian  Canal." 

"The  competition  of  the  canal  will  affect,  first,  the  volume 
and  rates  of  the  through  business  of  the  Pacific  railroads,  and 
secondly,  the  amount  of  their  local  traffic.  At  the  beginning  of 
their  existence  these  railways  depended  almost  entirely  upon 
their  through  traffic;  but  their  chief  aim  throughout  their  his- 
tory has  been  to  increase  the  local  business,  which  is  always  more 
profitable  than  the  through  traffic ;  and  although  the  great  stretch 
of  country  crossed  by  them  is  still  in  the  infancy  of  its  industrial 
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development,  the  local  traffic  of  some,  if  not  all,  of  the  Pacific 
roads  has  already  become  of  chief  importance.  A  vice-president 
of  one  of  the  railway  systems  states  that  since  1893  'the  increase 
in  business  of  the  transcontinental  lines  has  not  come  from  the 
seaports,  but  from  the  development  of  the  intermediate  coun- 
try.' The  canal  can  certainly  in  no  wise  check  the  growth  of 
this  local  traffic,  and  the  evidence  strongly  supports  the  belief 
entertained  by  many  persons  that  the  canal  will  assist  largely 
in  the  industrial  expansion  of  the  territory  served  by  the  Pacific 
railways. 

"If  this  be  true,  the  proximate  effect  of  the  isthmian  canal 
in  compelling  a  reduction  and  readjustment  of  the  rates,  on  the 
share  of  the  transcontinental  railway  business  that  will  be  sub- 
ject to  the  competition  of  the  new  water  route,  will  be  more  than 
offset  by  the  ultimate  and  not  distant  expansion  of  the  through 
and  local  traffic,  that  must  necessarily  be  handled  by  rail.  It 
seems  probable  that  the  increase  in  the  population  of  the  coun- 
try, and  the  growth  in  our  home  and  foreign  trade,  will  early 
demonstrate  the  need  of  the  transportation  service  of  both  the 
canal  and  the  railways". 

THE  CANAL  AND  AMERICAN  SHIPPING  AND  COMMEKCE. 

From  the  analysis  of  the  traffic  that  has  used  the  canal  since 
it  was  opened  it  is  evident  that  the  canal  will  be  largely  used  by 
the  commerce  between  the  two  seaboards  of  the  United  States. 
Five  regular  steamship  lines,  including  47  vessels,  are  operated 
between  the  two  seaboards.  The  largest  of  these  lines  is  that  of 
the  American-Hawaiian  Steamship  Company  which  owns  26  ves- 
sels, most  of  which  are  continuously  in  the  intercoastal  service 
through  the  canal.  This  company  has  sailings  each  way  every 
five  days.  During  the  7%  months  from  August  15,  1914,  to 
April  1,  1915,  the  vessels  of  the  American-Hawaiian  Steamship 
Company  made  94  transits  through  the  canal  carrying  an  aggre- 
gate of  699,342  tons  of  cargo,  an  average  of  7440  tons  per  vessel. 
The  Luckenbach  Steamship  Company  maintains  sailings  each 
way  about  every  10  days,  while  the  other  lines  have  sailings  once 
in  three  weeks  or  once  in  a  month.  By  means  of  these  several 
lines  there  are  services  through  the  canal  from  Boston,  Phila- 
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delphia,  Baltimore,  Charleston  and  New  Orleans  on  the  Atlantic- 
Gulf  coasts  to  San  Pedro,  San  Francisco,  Portland  and  Puget 
Sound  on  the  Pacific  coast. 

The  services  of  the  intercoastal  steamship  lines  are  supple- 
mented by  those  of  chartered  vessels  and  of  vessels  owned  by 
individual  shippers  of  lumber.  There  is  every  indication  that 
the  coastwise  business  through  the  canal  will  increase  steadily 
and  will  constitute  an  important  part  of  the  traffic  of  the  canal 
as  a  whole. 

The  effect  of  the  canal  upon  the  shipbuilding  industry  has 
been  noticeable  for  two  years.  For  a  year  before  the  opening  of 
the  canal  vessels  were  being  constructed  with  reference  to  the 
canal  service,  and  the  large  tonnage  which  the  intercoastal  lines 
have  been  able  to  secure  has  led  to  the  construction  of  additional 
ships  for  the  coast-to-coast  service  via  the  canal.  Vessels  built 
abroad  have  been  purchased  by  American  firms  for  foreign  trade 
through  the  canal. 

As  has  been  pointed  out  in  this  paper,  the  use  of  the  Panama 
Canal  for  the  traffic  between  the  eastern  seaboard  of  the  United 
States  and  western  South  America  and  trans-Pacific  countries 
has  been  relatively  large,  in  spite  of  the  limitations  which  the  war 
in  Europe  has  placed  upon  the  purchasing  power  of  South 
America  and  other  countries.  The  Panama  Canal  will,  without 
doubt,  assist  the  United  States  in  building  up  a  trade  with  west- 
ern South  America,  Australasia  and  the  Orient.  It  is  not  to  be 
expected,  however,  that  this  increase  in  commerce  will  be  rapid. 
The  canal  will  not  suddenly  revolutionize  American  trade  rela- 
tions. Most  of  the  commerce  of  Pacific  countries,  Asiatic  and 
American,  is  with  Europe  and  not  with  the  United  States.  For 
decades  European  countries  have  been  investing  capital  in  for- 
eign countries  and  have  been  systematically  developing  inter- 
national banking  facilities.  The  manufacturers  and  exporters  of 
Europe  have  built  up  a  foreign  trade  and  have  established  branch 
houses  as  outposts  in  South  America,  Australia  and  the  Orient. 

In  order  to  divert  from  Europe  to  the  United  States  a  large 
share  of  the  trade  of  western  South  America,  Australia  and  the 
Orient  now  carried  on  with  Europe,  it  will  be  necessary  for 
American  financiers  to  interest  themselves  in  foreign  invest- 
ments, for  American  bankers  to  establish  branches  in  foreign 
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countries,  and  for  American  merchants  to  adopt  the  merchandis- 
ing methods  which  their  European  competitors  have  successfully 
followed  in  securing  South  American,  Australian  and  Oriental 
trade. 

The  Panama  Canal  will  assist  in  the  development  of  the  com- 
merce of  the  United  States  with  Pacific  countries,  but  the  shift- 
ing of  commercial  connections  will  be  gradual.  The  traders  of 
Europe  with  the  assistance  of  the  Suez  Canal  and  by  employing 
skilful  merchandising  methods,  have  secured  the  major  share  of 
the  trade  of  the  Orient  and  of  Australasia.  Europe  now  has  the 
advantage  of  a  prior  occupation  of  the  field,  and  of  a  thorough 
knowledge  of  the  methods  required  to  secure  commerce.  Ameri- 
can manufacturers  and  traders  can  make  great  use  of  the  Panama 
Canal  in  connection  Math  other  agencies  for  building  up  the  for- 
eign commerce  of  the  United  States,  but  the  other  agencies  must 
be  employed  in  order  to  enable  the  canal  to  be  of  large  service. 

POLICY  TO  BE  FOLLOWED  IN  MANAGING  THE  CANAL.* 

The  Government  of  the  United  States  has  successfully  car- 
ried through  the  difficult  task  of  constructing  the  Panama  Canal, 
and  the  great  waterway  has  been  opened  to  the  commerce  of  all 
nations  under  terms  of  equality.  What  should  be  the  policy  of 
the  United  States  in  the  management  of  the  canal?  In  the  long 
run,  the  management  of  the  canal  will  probably  test  the  ability 
of  the  Government  as  fully  as  did  the  construction  of  the  water- 
way. The  eyes  of  the  entire  world  were  upon  the  United  States 
during  the  period  of  construction,  and  the  President,  having  been 
given  by  Congress  unrestricted  power  to  build  the  canal,  was 
able  to  construct  the  waterway  with  efficiency  and  with  great 
credit  to  our  country.  Business  methods  prevailed  and  suc- 
ceeded. In  the  management  of  the  canal,  there  should  be  the 
same  strict  adherence  to  business  principles. 

Tolls  have  been  fixed  to  be  paid  by  all  vessels  using  the 
Panama  Canal.  The  tonnage  of  the  waterway  will,  it  is  believed, 
within  ten  years,  be  sufficient  to  enable  the  Government  to  make 

*  Cf .  address  upon  "The  Panama  Canal  and  Its  Problems",  pub- 
lished in  "Old  Penn",  of  the  University  of  Pennsylvania,  Vol.  XIII, 
No.  27,  April  3,  1915. 
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the  canal  commercially  self-supporting,  providing  the  present 
rate  of  tolls  is  maintained  and  is  exacted  of  all  vessels,  American 
as  well  as  foreign.  Doubtless,  pressure  will  be  brought  from 
time  to  time  upon  Congress  and  the  President  to  lower  the  rate 
of  tolls.  The  Government  should  resist  this  pressure  until  the 
revenues  derived  from  the  canal  cover  the  annual  operation 
and  maintenance  expenses  and  the  interest  on  what  it  cost  to 
build  the  waterway. 

The  schedule  of  tolls  fixed  by  proclamation  of  the  President, 
issued  November  14,  1912,  makes  the  charge  for  the  use  of  the 
canal  $1.20  per  net  vessel  ton,  there  being  a  40  percent  reduction 
from  the  charges  in  the  case  of  vessels  passing  through  the  canal 
without  passengers  or  cargo.  The  tolls  upon  warships  were 
placed  at  50  cents  per  ton  of  weight  or  displacement.  The  tolls 
upon  merchant  ships  were  placed  upon  the  net  tonnage  of  the 
vessels,  because  it  was  deemed  wise  to  base  the  charge  upon  the 
earning  capacity  of  vessels.  The  ton  as  applied  to  the  vessel 
does  not  mean  weight,  but  100  cubic  feet  of  space.  The  space  or 
tonnage  upon  which  tolls  are  paid  includes  that  part  of  the  ves- 
sel that  is  available  for  the  stowage  of  freight  or  for  the  accom- 
modation of  passengers.  The  rate  of  $1.20  per  vessel  ton  was 
adopted,  because  it  was  found  after  investigation  that  a  charge 
of  that  amount  would  not  prevent  the  use  of  the  canal  by  any 
considerable  volume  of  traffic.  This  rate  is  also  practically  the 
same  as  that  charged  by  the  Suez  Canal  Company  for  the  use  of 
its  waterway. 

The  revenues  derived  from  the  canal  will  depend  upon  the 
rate  of  tolls  and  upon  the  rules  applied  in  the  measurement  of 
vessels  to  determine  the  number  of  tons  upon  which  the  tolls 
shall  be  paid.  The  revenues  needed  to  make  the  canal  com- 
mercially self-supporting  will  amount  to  about  $20,250,000  per 
annum.    This  large  total  is  made  up  of  the  following  items  : 

For  operation,  maintenance,  zone  sanitation  and  gov- 
ernment   $  5,000,000 

For  annuity  payable  to  the  republic  of  Panama 250,000 

For  interest  at  3  per  cent  upon  the  cost  of  the  canal..  12,000,000 
For  %  of  1  per  cent  per  annum  for  amortization  of 

the  investment  3,000,000 

Total $20,250,000 
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By  the  end  of  the  first  decade  of  the  canal's  operation,  i.  e., 
by  1925,  the  tonnage  of  vessels  using  the  waterway  will  amount 
to  17,000,000  net  tons  per  annum,  unless  the  European  "War 
should  so  cripple  the  international  trade  of  the  world  as  seriously 
to  restrict  for  a  considerable  time  the  volume  and  rate  of  increase 
of  the  world's  commerce.  At  the  present  rate  of  tolls  a  tonnage 
of  that  volume  would  yield  revenues  covering  all  operating  and 
capital  expenses.  If  the  rate  of  tolls  that  has  been  established 
is  maintained  for  ten  years  and  if  subsequent  reductions  in  the 
rate  of  tolls  are  conservatively  made,  it  will  be  possible  for  the 
American  people  to  secure  from  the  Panama  Canal  revenues  that 
will  cover  out-of-pocket  expenses  and  return  to  the  United  States 
treasury  the  sum  that  has  been  invested  in  the  waterway.  This 
can  be  done  without  restricting  the  usefulness  of  the  canal,  and 
if  this  policy  is  followed  out  it  will  be  possible  for  the  United 
States,  with  less  burden  to  the  taxpayers  of  the  country,  to  con- 
struct other  needed  public  works. 

A  scientific  code  of  tonnage  rules  has  been  formulated  and 
put  into  force  for  the  measurement  of  all  vessels  using  the 
Panama  Canal.  Those  who  have  to  pay  tolls  naturally  desire  and 
seek  to  have  the  tonnage  rules  so  changed  as  to  lessen  the  amount 
paid  by  vessel  owners.  It  is  to  be  hoped  that  the  President  and 
the  Secretary  of  War,  who  are  in  charge  of  the  administration 
of  the  canal,  will  resolutely  maintain  the  tonnage  rules  as  they 
now  stand,  or  will  make  only  such  modifications  in  the  rules  as 
may  be  required  to  give  them  greater  definiteness. 

Among  the  economic  aspects  of  the  Panama  Canal  to  which 
special  attention  should  be  given  is  that  of  managing  the  canal 
in  a  business-like  manner.  It  is  now  being  wisely  managed.  The 
present  policy  of  charging  reasonable  tolls  upon  all  vessels,  and 
of  applying  impartially  to  all  types  of  merchant  vessels  a  code 
of  tonnage  rules  so  framed  as  to  determine  and  express  the 
actual  capacity  available  for  carrying  cargo  and  for  accommo- 
dating passengers  should  be  zealously  maintained.  If  this  is 
done  the  United  States  will  demonstrate  to  the  world  that  a 
great  government  enterprise  can  be  managed  in  accordance  with 
sound  economic  principles. 
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OUTLINE  OF  CANAL  ZONE  GEOLOGY. 

WITH  SOME  REFERENCE  TO  ITS  BEARING  ON  CANAL 
CONSTRUCTION. 

By 

DONALD  F.  MAC  DONALD 

Geologist,  IT.  S.  Bureau  of  Mines,  Dept.  of  Interior 

Washington,  D.  O,  TJ.  S.  A. 


TOPOGEAPHIC  EELATIONS. 

The  surface  configuration  of  the  Canal  Zone  embraces  two 
chief  types  of  topography,  as  follows : 

The  hill  type,  well  developed  in  the  central  and  southern 
parts  of  the  Zone,  includes  peaks  up  to  1000  feet  (305  meters) 
in  elevation.  Below  these  are  ranged  irregular  ridges  and 
angular  hills  separated  by  crooked,  unsymmetrical  valleys  and 
basins.  This  topography  is  most  striking  in  its  irregularity 
and  presents  some  likeness,  in  its  green  jungle-covered  hills 
and  hollows,  to  enormous  cross-waves  at  sea. 

In  building  the  Panama  Railroad,  and  some  of  the  branch 
lines  for  dumpage,  the  sinuosity  and  curvature  introduced  into 
the  tracks  in  order  to  avoid  the  numerous  hills,  added  difficul- 
ties to  both  their  construction  and  operation.  The  height  and 
steepness  of  Ancon  Hill  enabled  the  rock  product,  from  the 
quarry  there,  to  be  handled  by  gravity  from  the  blasting  face 
through  the  crushing  plant  and  onto  the  cars. 

The  coastal  plain  type  of  land-form,  developed  principally 
on  the  Atlantic  side,  comprises  five  groups  of  relief,  which  are : 
(1)  coastal  swamps,  of  considerable  depth,  inland  swamps,  and 
alluvial  basins ;  (2)  coral  flats  and  coral  reefs,  which  are  from  a 
few  feet  below,  to  a  few  feet  above  high  tide  level;  (3)  river 
flats  of  alluvium  in  the  lower  valleys ;  (4)  bars  at  and  near  the 
mouths  of  rivers,  beaches,  sand  spits,  etc.;  (5)  remnants  of  sea- 
ward tilted  plains,  now  locally  forming  low  hills. 
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Surveys  through  these  unhealthful  black-mud  and  green- 
water  swamps  were  most  difficult,  as  was  the  construction  of 
the  Panama  Railroad  lines  across  them.  The  site  of  Colon  City 
was  once  a  great  tide-level  coral  flat,  and  it  had  to  be  graded 
up  to  3  or  4  feet  (1  meter)  above  tide-level  in  order  to  build 
the  town.  The  swamp  and  river-alluvial  materials  were  easily 
dredged  and  this  facilitated  greatly  the  deepening  of  the  ap- 
proach channels  to  both  the  Atlantic  and  the  Pacific  locks. 

GENERAL  GEOLOGY  AND  ENGINEEEING  RELATIONS. 

EOCK  FORMATIONS. 

Within  the  Canal  Zone  are  about  17  different  rock  forma- 
tions and  most  of  these  show  considerable  local  variation.    Fig. 
1  shows  the  rock  succession  across  the  Isthmus.     Fig.  2  shows 
the  names  and  age  relations  of  the  different  formations. 
Bas  Obispo  Formation. 

The  Bas  Obispo,  the  oldest  formation,  was  formed  of  rock 
fragments  and  ash  blown  out  of  old  volcanic  vents  and  later 
consolidated  into  andesitic  breccia.  It  outcrops  extensively  at 
Bas  Obispo  and  near  Old  Panama,  and  small  outcrops  rise 
above  the  alluvium  near  Miraflores  and  Diablo  Ridge. 

About  7000  feet  (2134  meters)  of  the  north  end  of  Culebra 
Cut  has  been  excavated  in  this  formation.  It  is  relatively  hard 
and  tenacious,  except  locally  where  sheared  by  faulting.  From 
these  faulted  places  masses  of  loose  rock  have  fallen,  but  not 
enough  to  be  classed  as  important  slides.  On  the  whole,  this 
material  has  stood  fairly  well  at  steep  angles.  In  blasting,  it 
broke  out  in  relatively  large  fragments  and  did  not  weather 
or  wash  readily,  so  that  the  waste  from  this  section  was  in 
greater  demand  for  fills  and  dams,  where  maximum  stability 
was  necessary,  than  the  more  friable  rock  from  other  parts. 
Las  Cascadas  Agglomerate. 

The  Las  Cascadas  agglomerate  also  consists  of  volcanic 
debris  partly  consolidated,  but  much  less  so  than  the  Bas  Obispo 
formation.  It  contains  large  and  small  subangular  fragments 
in  a  fine-grained  ground-mass  of  volcanic  clay  and  tuff,  and 
some  solidified  lava-mud  flows,  as  well  as  flows  and  dikes  of 
grayish   andesite.     It   outcrops   extensively   along  the   Canal 
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GENERALIZED     SECTION 
CANAL   ZONE    FORMATIONS. 
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between  Empire  and  Las  Cascadas,  and,  though  presenting 
many  local  variations  in  constitution,  yet,  on  the  whole,  it  is 
much  softer  and  more  friable  and  was  cheaper  to  drill  and 
blast  than  the  Bas  Obispo  material.  Several  very  considerable 
slides  developed  in  it,  due  chiefly  to  local  areas  of  weakness 
and  faulting,  and  to  its  somewhat  clayey  character  and  high 
ground  water  content. 
Bohio  Conglomerate. 

The  Bohio  conglomerate  consists  of  andesitic  and  dioritic 
boulders,  cobbles,  pebbles,  and  sandy  material,  arranged  in 
beds  which  are  separated  from  each  other  by  beds  of  sandstone 
and  argillite.  The  formation  outcrops  extensively  in  the  vicin- 
ity of  Bohio  and  near  Caimito  Junction.  Its  content  of  hard 
boulders  renders  it  somewhat  difficult  to  drill,  and  lack  of  joint- 
ing causes  it  to  blast  less  satisfactorily  than  might  be  expected 
from  the  relatively  soft  and  friable  nature  of  the  material  that 
fills  its  inter-boulder  spaces.  It  was  encountered  in  excava- 
tions for  the  Panama  Railroad. 
The  Culebra  Formation. 

The  Culebra  formation  contains  an  upper  and  a  lower 
member.  The  lower  (a)  consists  of  dark,  well  laminated  beds 
of  soft  shales,  marls  and  carbonaceous  clays,  with  some  pebbly, 
sandy,  and  tufaceous  layers  and  a  few  thin  beds  of  lignitic 
shale.  The  upper  member  (b)  consists  of  beds  and  lenses  of 
sandy  limestone  to  calcareous  sandstone,  3  to  10  feet  thick, 
separated  by  partings  of  dark  carbonaceous  clays  and  fine 
bedded  tuffs.  Locally,  this  formation  gives  off  a  little  natural 
gas,  and  in  some  restricted  areas,  it  shows  slightly  bituminous 
shales,  so  that  it  is  possible  that  it  may  be  the  equivalent  of  the 
oil  bearing  horizon  in  Garachine,  Darien.  The  Culebra  forma- 
tion outcrops  in  Culebra  Cut  near  Culebra  and  near  Paraiso 
and  Pedro  Miguel.  The  upper  member,  because  of  its  soft  and 
friable  nature,  drilled  and  blasted  easily  and  was  handled  by 
the  steam  shovels  very  economically.  In  spite  of  its  unstable 
character,  it  was  relatively  less  given  to  sliding  than  other 
equally  friable  formations  because:  (1)  it  is  well  bedded  and 
relatively  horizontal,  hence  there  is  practically  no  tendency  to 
slide  along  bedding  planes;  (2)  it  is  sandy  and  drains  well, 
hence  does  not  get  as  slippery  as  the  more  clayey  formations; 
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(3)  it  seems  to  be  relatively  free  from  chlorite  and  other  slip- 
pery mineral  particles  which  are  factors  of  instability  and 
mobility  in  weak  rocks.  The  thin  beds  of  sandy  limestone  and 
limey  sandstone,  in  the  lower  part  of  this  formation,  are  fairly 
resistant  to  drilling  and  blasting,  and,  where  they  outcrop  in 
the  slopes,  are  strengthening  factors  against  sliding. 

Certain  local  areas  of  the  Culebra  formation  became 
heated  on  exposure  to  the  atmosphere  through  drilling  or 
blasting.  This  heating  was  due  to  the  oxidation  of  finely 
divided  pyrite.  It  was  thus  necessary  to  test  the  drill  holes 
in  certain  areas  to  determine  whether  they  had  become  hot 
and  therefore  dangerous  to  load  for  blasting. 
Cucaracha  Formation. 

In  the  Curaracha  formation  many  of  the  big  slides  devel- 
oped. The  formation  consists  of  a  dark  green  to  reddish, 
slightly  indurated,  volcanic  clay  rock  of  andesitic  composition. 
It  is  a  land-deposited  formation,  overlying  the  marine  Culebra 
beds,  from  which  it  is  separated  by  10  to  20  feet  (3.05  to  6.1 
meters)  of  slightly  consolidated  gravel.  Locally,  it  contains 
lenses  of  loosely  cemented  gravel,  sandy  tufaceous  material, 
and  some  beds  of  lignitic  shale;  the  whole  cut  by  basalt  dikes. 
Erosion  easily  wears  away  this  formation  and  its  outcrops  are 
flats  or  valleys.  An  extensive  lava-flow  is  interbedded  in  it, 
but,  due  to  excessive  jointing,  this  does  not  strengthen  it  much 
against  sliding.  The  soft,  friable  and  clayey  nature  of  this 
rock,  its  high  content  of  water  and  of  slippery  chloritic  min- 
eral particles,  the  lignitic  shale  beds,  and  the  sheared  fault 
zones,  are  the  factors  which  make  it  especially  subject  to  slides. 
Emperador  Limestone. 

The  Emperador  limestone  is  a  light  colored,  fairly  pure 
limestone  and  contains  many  fossil  corals.  The  formation  out- 
crops northwest  of  Empire,  south  of  Las  Cascadas,  on  the  relo- 
cated line  of  the  Panama  Railroad  near  San  Pablo,  near  Fri- 
joles,  in  the  swamp  southeast  of  Diablo  Ridge  and  extensively 
near  Alhajuela.  It  seems  to  extend  over  a  wide  area,  and  has 
prospective  value  as  a  source  of  lime  and  possibly  of  cement. 
Locally,  it  is  somewhat  hard  and  tough  and  is  about  equal  to 
the  Bas  Obispo  formation  in  its  resistance  to  drilling  and 
blasting. 
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Caimito  Formation. 

The  Caimito  formation  consists  of  upper  and  lower  sand- 
stone members  with  a  calcareous  conglomerate  member  in 
between.  The  sandstone  members  are  soft,  argillaceous,  and 
grayish  to  yellow  in  color,  and  locally  they  weather  into  some- 
what spherical  fragments.  The  calcareous  member  contains 
fragments  of  much  decayed  basic  material  which  locally  gives  a 
bright  green  stain  to  small  patches  of  the  rock.  The  forma- 
tion outcrops  at  Bald  Hill  north  of  Miranores,  extensively  at 
San  Pablo  and  on  the  relocated  line  of  the  Panama  Railroad 
near  New  Culebra. 

These  rocks  are  relatively  easy  to  drill  and  blast,  and  the 
weathered  product  from  the  more  clayey  beds  might  perhaps 
be  suitable  for  the  manufacture  of  common  brick. 
Gatun  Formation. 

This  formation  consists  of  three  members:  the  lower,  con- 
taining fossiliferous  argillites,  soft  sandstones,  and  some  con- 
glomerate ;  the  middle  member,  mostly  fine,  soft  sandstone,  con- 
taining a  few  fossils ;  and  the  upper  member,  made  up  of  light 
to  creamy-gray  colored  argillites. 

This  rock  has  been  used  extensively  for  fills  on  the  relo- 
cated line  of  the  Panama  Railroad,  because  of  its  convenient 
location  and  the  cheapness  with  which  it  could  be  mined  and 
loaded.  Because  of  its  friable  quality,  however,  it  could  not 
be  used  where  subject  to  the  scour  of  a  river  or  of  sea  waves. 
The  formation  is  amply  firm  and  solid  for  wide  foundations 
and  its  fineness  of  grain  renders  it  relatively  impervious  to 
ground  water.  It,  therefore,  makes  an  excellent  foundational 
site  for  the  Gatun  dam  and  locks. 
The  Panama  Formation. 

The  Panama  formation  is  a  light  colored,  well  bedded  tuff 
with  some  argillitic  material.  It  outcrops  extensively  from 
Miraflores  to  Panama,  and  is  relatively  porous,  somewhat 
jointed,  and  of  a  crumbly  or  friable  nature.  It  is  not  difficult 
to  drill  or  blast,  and  is  somewhat  too  soft  for  good  road  metal. 
Caribbean  Limestone. 

The  Caribbean  limestone  is  a  sandy  fragmental  limestone, 
locally  a  coquina  or  shell  marl.  It  outcrops  at  Toro  Point, 
west  of  Gatun  dam,  and  at  the  mouth  of  the  Chagres  River, 
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and  in  most  of  these  places,  it  forms  low  bluffs.  It  is  the  rock 
from  which  Port  San  Lorenzo  was  built,  and  was  quarried  from 
a  convenient  outcrop  on  Toro  Point  for  use  as  a  hearting  for 
the  breakwater  there.  Its  soft  and  easily  abraded  character, 
however,  prevented  its  use  except  as  core  material.  The  break- 
water had  to  be  faced  or  armored  with  a  much  harder,  tougher, 
and  more  expensive  rock  taken  from  Porto  Bello. 
Pleistocene  Formations. 

These  consist  of:  (a)  swamp  formations,  black  soil  and 
silt,  filling  old  channels  to  depths  of  375  feet  (114.3  meters) 
below  present  sea  level;  (b)  river  gravels  up  to  10  feet  (3.05 
meters)  above  present  normal  river  levels,  and  old  sea  beaches 
6  to  10  feet  (1.83  to  3.05  meters)  above  present  beach  level;  (c) 
bars,  beaches,  and  present  river  alluvium.  All  of  these  forma- 
tions have  a  distinct  bearing  on  the  engineering  problems  of 
the  Isthmus.  The  deep  swamp  formations  not  only  rendered  the 
surveys  difficult,  but  added  much  to  the  cost  of  building  rail- 
road fills  across  them.  The  river  gravels  proved  very  useful 
for  ballasting  the  road,  for  local  concrete  work,  and  for  other 
purposes.  Some  of  the  beaches  furnished  vast  tonnages  of  sand 
for  construction  purposes.  Much  river  sediment  had  been 
deposited  as  bars  and  shoals  which  partly  obstructed  the 
Atlantic  and  Pacific  entrances  to  the  Canal,  and  so  extensive 
dredging  of  the  approach  channels  was  necessary. 
Igneous  Rocks. 

The  igneous  rocks  within  the  Canal  Zone,  those  which 
cooled  from  the  molten  state,  belong  to  six  groups.  Three  of 
these  are  shown  on  the  geological  section  (Pig.  1)  ;  the  others 
are  in  place  near  the  Canal. 

Granodiorite  is  a  quartz  bearing  locally  porphyritic  rock, 
a  member  of  the  broad  group  of  granite  rocks.  It  is  found 
among  the  gravels  of  the  Chagres  River,  so  probably  outcrops 
at  several  places  within  the  Chagres  drainage  basin.  Another 
rock  which  may  be  classed  under  this  heading,  is  that  which 
forms  Cocovi  Island  in  Panama  Bay.  The  rock  is  strong,  fine- 
grained and  would  make  an  excellent  building  stone. 

Diorite,  a  rock  much  like  granite  but  with  little  or  no 
free  quartz  and  with  much  dark  hornblende,  is  found  at  Point 
Farfan  opposite  Balboa,  also  among  the  gravel  of  the  Chagres, 
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showing  that  it  probably  outcrops  in  the  Chagres  Valley,  and 
as  boulders  in  the  Bohio  conglomerate.  It  is  a  tough,  well- 
crystallized  rock  and  would  do  very  well  for  building  purposes. 
Andesite,  a  fine-grained,  dark  colored,  hard,  tough  rock  of 
about  the  same  chemical  composition  as  diorite,  is  known  at  a 
few  places  in  the  Canal  Zone.  Necks  and  dikes  of  andesitic 
rock  cut  the  Las  Cascadas  agglomerate  and  the  diorite  at  Point 
Farfan.  Rocks  of  the  same  general  character  form  the  steep 
headlands  at  Porto  Bello,  and  constitute  the  material  quarried, 
crushed,  and  transferred  to  Gatun  for  use  in  the  concrete  work 
of  the  locks.  Huge  blocks  of  this  rock,  from  the  Porto  Bello 
quarry,  were  transported  on  lighters  and  used  to  armor  the 
breakwater  at  Toro  Point. 

The  well  crystallized  character  of  both  the  Porto  Bello 
and  Point  Farfan  rock  renders  them  tough  and  resistant  to 
abrasion  by  waves;  hence  they  are  well  suited  for  breakwater 
or  seawall  construction. 

Rhyolite,  a  fine-grained,  light  colored  igneous  rock,  forms 
Culebra  and  Naos  Islands,  and  Ancon  Hill.  The  latter  stands 
about  600  feet  (183  meters)  above  the  low  lands  that  nearly 
surround  it,  due  largely  to  the  hardness  of  the  rhyolitic  rock 
of  which  it  is  composed.  This  rock  is  very  much  fissured  and 
jointed,  hence  was  very  cheaply  quarried  and  crushed  for  use  in 
the  concrete  of  the  Pacific  locks.  Its  strength  and  toughness 
rendered  it  very  suitable  for  such  use,  and  it  also  makes  a 
good  road  metal. 

Basalt,  a  dark,  basic,  fine-grained  rock,  forms  many  cores, 
dikes,  and  flows  near  Empire,  Culebra,  Pedro  Miguel,  the  top 
part  of  Gold  Hill,  the  hills  near  Paraiso  and  Rio  Grande;  it 
also  forms  a  hill  near  the  Panama  Railroad  two  miles  north  of 
Montelirio.  In  fact,  most  of  the  steep  hills  and  ridges  within 
the  Canal  Zone,  except  Ancon  Hill,  are  formed  of  basalt.  It 
is  hard  and  tough,  would  be  excellent  for  concrete  work,  and 
has  locally  been  put  to  good  use  in  the  building  of  roads.  It 
was  proposed  to  use  it  to  armor  the  projected  new  east  break- 
water at  Colon,  but  the  rock  was  found  to  be  so  cut  with  joints, 
that  it  would  probably  not  break  out  in  large  enough  pieces  to 
resist  the  abrasion  of  sea  waves.  It  would  serve,  however,  as 
the  first   coat   of  armor   over  the   cheaper   and  more  easily 
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abraded  hearting  or  core  material,  if  the  whole  were  faced  with 
large  blocks  of  the  Porto  Bello  rock.  It  was  used  to  a  consid- 
erable extent  for  facing  the  water  level  zone  of  the  Gatun  dam 
and  it  makes  an  excellent  road  metal. 

Meta-Breccia.  Under  this  heading  are  classed  the  meta- 
morphosed tuffs,  agglomerates,  and  breccia  masses  that  form 
Gold  Hill,  Contractors  Hill,  Office  Hill  (Culebra),  the  breccia  at 
Paraiso,  at  Empire,  and  at  other  places.  Associated  with  prac- 
tically all  of  these  breccia  masses  are  basalt  dikes.  Both  the 
Gold  Hill  and  the  Contractors  Hill  masses  have  been  faulted 
downwards  some  hundreds  of  feet  and  all  the  other  breccia 
masses  seem  bounded  by  fault  contacts.  The  evidence  indicates 
that  they  were  pushed  upward,  as  somewhat  metamorphosed 
and  toughened  caps,  on  top  of  basalt  plugs  or  cores.  They  have 
acted  as  strengthening  pillars  to  buttress  up  some  of  the  sliding 
areas  in  Culebra  Cut. 
Lava  Mud  Flows. 

In  addition  to  the  igneous  rocks  above  enumerated,  there 
are  several  consolidated  lava-mud  flows  in  the  Las  Cascadas 
agglomerate.  These  locally  show  columnar  structure.  On 
exposure  to  the  atmosphere  for  a  few  years  they  weather  and 
crumble  very  considerably. 

STABILITY  OF  THE  ISTHMIAN  LAND. 

Prom  the  geological  evidence,  it  would  seem  that  the 
Isthmian  land  first  appeared  as  an  archipelago  of  islands  in  a 
shallow  sea,  and  that  perhaps  in  late  Oligocene  time  land  con- 
nection between  the  two  continents  was  established.  At  four 
different  times,  in  the  long  geological  periods  that  followed, 
the  land  sank  below  sea  level,  except,  perhaps,  for  the  higher 
peaks.  In  late  Pleistocene  time  it  was  elevated  to  several  hun- 
dred feet  above  its  present  level,  then  it  sank  to  a  depth  of  6 
to  30  feet  (1.83  to  9.14  meters)  below  where  it  now  stands. 
Very  fresh  looking  old  raised  sea  beaches  and  other  evidence 
indicate  that  this  latest  upward  movement  began,  perhaps, 
within  the  last  1000  years. 

The  geological  instability  of  the  land,  particularly  the  last 
uprise,  leads  to  the  question  as  to  whether  the  Canal  is  in 
danger  from  emergence.    If  it  were  a  rapid  uplift,  there  would 
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be  some  danger,  but  it  seems  to  have  been  much  lower  than  0.03 
of  a  foot  (1  centimeter)  a  year,  or  3  feet  (1  meter)  in  100  years. 
Dredging  could,  of  course,  take  care  of  this,  with  very  little 
additional  expense  above  the  ordinary  dredging  necessary  for 
the  annual  upkeep  of  the  Canal.  Then,  too,  there  is  always 
the  chance  that  this  motion  will  stop  or  be  reversed  into  a 
sinking  movement.  In  conclusion,  then,  it  is  quite  certain 
that  the  Canal  is  not  in  any  appreciable  danger  from  the  geo- 
logical instability  of  the  Isthmian  land. 

STRUCTURAL  GEOLOGY  IN  RELATION  TO  ENGINEERING. 

From  Gatun,  the  rocks  dip  gently  northward  under  the 
Caribbean.  The  upper  beds  of  the  Gatun  formation  are  rela- 
tively impervious,  but  500  or  600  feet  (152  or  183  meters) 
below  the  surface  there  are  coarser  beds  that  might  contain 
some  water.  If  a  well,  say  at  Colon,  were  drilled  down  to 
these  coarse  beds,  it  might  possibly  develop  artesian  condi- 
tions, now  that  Gatun  Lake  is  nearly  80  feet  (24.4  meters) 
higher  than  Colon. 

A  downfold,  or  syncline,  of  the  bedded  rocks  trends  across 
Culebra  Cut  near  Gold  Hill.  This  brings  the  stronger  limey 
sandstone  beds  far  below  the  bottom  of  the  cut  for  a  distance 
of  a  mile  or  more  and  leaves  only  the  weak  argillaceous  rocks 
of  the  Cucaracha  formation  to  form  the  slopes  of  the  cut. 
Hence,  this  region  is  the  locus  of  the  greatest  slides. 

The  many  vertical  movements  of  the  Isthmian  landmass 
have  broken  big  fractures  or  faults  in  the  rocks,  and,  where 
these  sheared  zones  trend  across  the  Canal,  they  are  weakening 
factors  in  the  slopes  and  help  to  promote  slides. 

Jointing  and  Assuring  cause  most  of  the  smaller  masses  of 
igneous  rock  to  break  out  in  very  small  pieces  when  blasted. 
In  getting  crushed  rock  from  Ancon  quarry,  this  feature  saved 
the  United  States  hundreds  of  thousands  of  dollars  in  blasting 
and  crushing  costs.  Lack  of  such  Assuring  was  one  of  the 
reasons  why  the  rock  at  Porto  Bello  was  more  expensive  to 
blast  and  to  crush.  The  coarse  breaking  quality  of  the  Porto 
Bello  rock,  however,  was  useful  in  furnishing  strong  and  heavy 
material  with  which  to  armor  the  breakwater  against  sea 
waves. 


Digitized  by  Microsoft® 


78  OUTLINE  OP  CANAL  ZONE  GEOLOGY 

For  more  than  a  year,  certain  dikes  and  flows  of  hard 
basalt  held  back  the  Cucaracha  slide.  They  seemed  large  and 
heavy  enough  to  hold  it  back  permanently,  but  when  the  cut 
was  brought  to  final  depth  in  front  of  them,  the  accumulated 
stresses  of  the  loose  material  behind  the  dikes  caused  them  to 
be  sheared  off  where  they  had  been  greatly  weakened  by  cool- 
ing cracks,  and  thus  the  slide  took  on  renewed  action. 

Such  intruded  masses  of  relatively  tough  rock,  as  Gold  Hill 
and  Contractors  Hill,  act  as  piers  and  buttresses  to  strengthen 
the  weak  slopes  against  sliding. 

SLIDES. 

In  Culebra  Cut,  there  are  four  distinct  types  of  slides: 
(1)  structural  breaks  and  deformations;  (2)  normal  or  gravity 
slides;  (3)  fault-zone  slides,  and  (4)  surface  erosion. 
Structural  Breaks  and  Deformations. 

General  Description. — The  largest  and  most  important 
slides  developed  from  structural  breaks  and  deformations.  For- 
tunately, they  occurred  only  near  Culebra,  in  a  section  of  the 
Cut  not  much  over  a  mile  long.  These  deformations  were  first 
indicated  by  cracks  or  fissures,  parallel  or  somewhat  oblique 
to  the  edge  of  the  Cut,  and  from  a  few  meters  to  some  hun- 
dreds of  meters  back  from  it,  and  from  each  other.  The  second 
stage  was  a  settling  or  outward  tilting  of  the  big  blocks  cracked 
off  from  the  solid  bank.  The  front  part  of  each  block  gen- 
erally sank,  with  maximum  sinking  sometimes  amounting  to 
two  meters  in  the  outer  exposed  portion  of  the  front  block. 
The  rear  part  of  some  of  the  blocks  tilted  up  to  0.8  meters  abov** 
the  front  part  of  the  block  behind.  The  third  and  last  stage 
consisted  in  the  dropping  downward  of  the  block,  due  to  the 
failure  and  squashing  out  of  its  base.  The  whole  block  then 
disintegrated  and  sloughed  down  into  the  excavation.  This 
last  stage  ran  its  course  in  from  a  few  hours  to  a  few  days. 
The  other  two  stages  required  months  or  even  years  to  reach 
completion.  The  last  two  stages  were  usually  accompanied  by 
bulging  of  the  bottom  and  lower  slopes  of  the  cut  in  front  of 
the  moving  mass. 

Causes. — This  type  of  deformation  was  due  to  a  primal  cause, 
the  unstable  geological  condition  of  the  materials  involved; 
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and  an  immediate  cause,  the  over-steepness  and  height  of  the 
slopes,  the  blasting  and  other  work  attributable  only  to  man. 
The  first  of  these  depended  on  several  geological  factors,  chief 
among  which  were :  (1)  the  formations  involved  were  of  very 
soft,  weak  rocks,  comprising  massive,  partly  indurated  vol- 
canic clays,  very  friable  bedded  tuffs  and  soft,  brittle  and  slip- 
pery lignitie  shales;  (2)  these  rocks  had  been  further  weak- 
ened by  faulting  and  by  some  joint  and  bedding  planes;  (3) 
an  abundance  of  ground  water  had  invaded  this  material 
whenever  it  was  disturbed  by  movement  or  Assuring,  and  this 
greatly  added  to  its  mobility ;  (4)  lignitie  shale  beds,  especially 
where  they  dip  canalward,  were  planes  of  weakness  along 
which  there  was  a  strong  tendency  for  the  overlying  material  to 
slip ;  (5)  the  presence  of  a  considerable  proportion  of  chlorite 
particles  in  the  volcanic  clay  rocks  tended  to  lubricate  the  mass. 
The  second  or  immediate  cause  was  chiefly  the  over-steepness 
of  the  slopes  where  the  banks  were  high  and  the  rocks  weak, 
and  the  large  percentage  of  ground  water  they  contained.  The 
vibrations  generated  by  blasts  near  these  high,  over-strained 
banks  were  also  slide-producing  factors.  The  geological  con- 
ditions were  not  sufficiently  considered  in  the  first  estimates 
and  plans  for  digging  Culebra  Cut. 

Remedies. — For  this  type  of  slide  there  was  but  one  remedy 
that  had  utilitarian  value  under  the  conditions  involved,  and 
that  was  applied.  It  consisted  in  making  the  slopes  less  steep 
by  removing  material  from  their  upper  portions,  so  that  the 
unbalanced  pressure  toward  the  foot  of  the  slope  was  less  than 
the  crushing  or  deforming  strength  of  the  rock  involved.  Steam 
shovels  terraced  back  the  slopes  on  either  side  of  the  Cut,  this 
relieving  somewhat  their  strained  condition.  At  first  sight,  it 
might  seem  preferable  to  let  the  slides  .come  into  the  excavation 
until  permanent  slopes  were  reached,  thus  saving  the  expense 
of  much  blasting.  But  deformations  of  this  kind  weakened  the 
rocks  far  below  the  bottom  of  the  excavation  (see  Fig.  3),  and 
this  weakened  material  required  a  much  flatter  slope  than  the 
angle  at  which  it  would  have  stood  before  being  weakened  by 
deformative  movements.  Further,  as  each  block  or  mass 
crushed  down,  it  generally  left  behind  not  a  gradual  slope,  but 
a  steep  face  12  to  25  meters    (40  to  82  feet)    or  more  high, 
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which  greatly  assisted  in  the  generation  of  other  slides.    Then 
there  was  the  temporary  obstruction  of  railway  tracks  and 
drainage  ditches  caused  by  some  of  these  slides. 
Normal  or  Gravity  Slides. 

The  normal  or  gravity  type  of  slide  was  due  to  several 
factors.  Locally  along  Culebra  Cut,  porous  material  lies  on 
top  of  relatively  impervious  clay,  shale  or  igneous  rock.  Rain 
and  ground-water  saturated  the  porous  mass,  but  were  impeded 
in  their  downward  course  by  the  relatively  impervious  rock. 
This  caused  a  muddy,  slippery  zone  to  form  along  the  plane 
of  contact  between  the  pervious  upper  and  impervious  lower 
materials.  Where  this  plane  sloped  excavationward,  or  where 
there  was  thrust  or  head  of  pressure  toward  the  excavation 
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Fig.  3.     Form  Assumed  by  Structural  Breaks  and  Deformations. 

from  higher  ground  in  the  rear,  a  slide  of  the  normal  or  gravity 
type  generally  resulted.  "Where  bedding  and  joint-planes  dip 
excavationward,  they  greatly  assisted  gravity  to  wedge  off 
rock  masses.  This  type  of  slide  had  certain  distinguishing  fea- 
tures. The  rocks  were  not  deformed  or  weakened  below  the 
plane  of  actual  sliding.  The  sliding  material  moved  off  a  solid 
base,  and  this  was  not  pulled  down  or  squeezed  out  by  the 
Motional  pull.  Hence  these  slides  were  not  as  destructive  as 
the  break-deformation  slides,  for  they  did  not  weaken  the 
slopes,  but  disturbed  generally  only  the  material  which  actually 
moved.  Ordinarily,  no  saving  of  excavation  could  be  accom- 
plished by  removing  material  from  the  upper  parts  of  such 
slides.  It  was  better  and  cheaper  to  let  them  run  their  course 
and  remove  them  from  the  bottom  of  the  Cut.    Drainage  was 
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almost  the  only  remedial  factor  that  could  be  applied  to  them. 
The  Cucaracha  slide,  which  has  been  active  at  intervals  since 
the  French  Company  began  operations,  was  the  most  trouble- 
some of  this  type. 
Fault-zone  Slides. 

The  third  type  of  slide  was  that  occasioned,  primarily,  by 
the  weakening  effects  of  sheared  fault-zones  which  cut  diag- 
onally across  the  Canal  prism.  These  were  in  some  cases 
assisted  by  a  weak  layer  of  rock  near  the  toe  of  the  slope.  In 
these  slides,  the  mass  of  rock  in  the  acute  angle,  which  the 
fault-plane  makes  with  the  plane  of  the  excavation  wall,  had 
in  some  cases  a  large  over-hang,  due  to  the  dip  of  the  fault. 
This  over-hang  rested  insecurely  against  the  fault-plane,  thus 
throwing  an  additional  strain  on  the  whole  block.  As  the  exca- 
vation was  deepened,  this  strain  increased  and,  if  the  base  of  the 
block  failed,  a  fault-zone  slide  resulted. 

Two  large  slides  of  this  type  occurred  on  the  east  side  of 
the  Canal,  between  Empire  and  Las  Cascadas.  In  the  case  of 
the  La  Pita  Slide  (Fig.  4),  a  strong  andesite  breccia  (d) 
■covered  a  much  weaker  volcanic  agglomerate  and  lava-mud 
flow  (e)  to  a  depth  of  60  feet  (18.29  meters),  the  whole  form- 
ing a  steep  wall  90  feet  (27.43  meters)  high.  A  major  diago- 
nal fault-plane  (a)  with  an  excavationward  dip  of  65°,  and  a 
minor  fault-plane  normal  to  the  horizontal  and  to  the  axes  of 
"the  Canal,  were  the  chief  weakening  factors.  Water  from  a 
diversion  ditch  at  (c)  seeped  down  along  the  fault-plane,  and 
helped  soften  the  already  weak  volcanic  agglomerate  (e)  until 
it  failed.  The  final  result  was  that  20,000  cubic  yards  (15,290 
■cu.  meters)  of  rock  crushed  down  and  had  to  be  removed. 
Another  slide  a  little  north  of  this  let  down  300,000  cubic 
yards  (229,350  eu.  meters)  under  practically  similar  conditions. 

The  fault-zone  type  of  slide,  unlike  the  others,  occurred  in 
rocks  strong  enough  to  stand  at  a  steep  slope  but  for  the 
"weakening  effects  of  diagonal,  canalward  sloping  faults,  which 
left  overhanging  parts  of  large  rock  masses  resting  insecurely 
•against  slippery  fault-planes.  Slides  of  this  character  were 
not  common  and  the  only  remedy  for  them  was  to  lessen 
"the  slopes  in  the  vicinity  of  these  fault-zones,  and,  where  prac- 
ticable, to  prevent  excessive  water  from  seeping  into  them. 
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There  might  be  eases  where  it  would  pay  to  reinforce  such 
weak  zones  with  steel  and  concrete  work,  to  prevent  initial 
motion,  but  no  such  case  came  to  notice  in  the  Canal  Zone  work. 
Sliding  Due  to  Erosion  or  Wash. 

The  soft  and  easily  weathered  rocks  of  Culebra  Cut,  where 
steep  and  unprotected  by  vegetation,  are  greatly  trenched  and 
washed  by  heavy  rains.  Each  heavy  rain  removes  the  disinte- 
grated soil  from  the  steep  sides  of  the  excavation,  leaving  fresh 
surfaces  exposed  for  further  weathering  action.  It  is  estimated 
that  the  sediment  washed  into  Culebra  Cut  in  this  way  is  some- 
thing like  65,000  cubic  yards  (50,000  cu.  meters).  Fortunately 
the  luxurious  growth  of  vegetation,  which  characterizes  the 
region,  provides  a  remedy.  These  slopes  will  suffer  relatively 
little  erosion  when  fully  carpeted  with  grass  and  shrubs.  Such 
vegetation  will  have  no  effect  on  the  large  slides,  but  it  will 
minimize  the  wash  from  heavy  tropical  rains. 

Another  erosion  problem,  where  the  rocks  are  soft,  results 
from  the  wash  of  steamers.  Any  protective  covering,  used  to 
obviate  this,  will  have  to  be  designed  with  some  understand- 
ing of  the  geological  conditions  of  the  rocks  which  it  is  to 
protect.  For  instance,  the  rocks  will  swell  somewhat  with  oxi- 
dation, and  they  will  crumble  a  little  wherever  ground  water 
can  leach  out  their  soluble  salts.  There  will  also  be  some  slight 
adjustive  movements,  as  time  goes  on,  created  by  the  new 
conditions  of  rock  pressure.  All  of  these  movements  will  be 
different,  as  the  character  of  the  rock  varies  from  place  to 
place. 

Of  all  the  incidents  that  grew  out  of  the  peculiar  geological 
conditions  encountered  in  canal  construction,  perhaps  none 
attracted  wider  public  attention  than  the  slides.  It  may  be 
well  then  to  state  in  conclusion  that  slides  which  may  require 
considerable  dredging  are  likely  to  continue  for  the  first  few 
years  of  canal  operation.  They  will,  however,  not  be  sufficiently 
large  to  endanger  traffic  passing  through  the  canal,  nor  to  block 
it  for  any  considerable  period,  and  they  do  not  menace  in  any 
way  the  ultimate  utility  of  the  canal. 
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Paper  No.  4 
SANITATION  IN  THE  PANAMA  CANAL  ZONE. 

By 

Lt.  Col.  CHAS.  F.  MASON 

Medical  Corps,  U.  S.  A. 

Chief  Health  Officer  of   the  Panama  Canal 

Balboa  Heights,  Canal  Zone,  Panama 


I.     PERIOD  OF  THE  FRENCH  CANAL  COMPANY. 

When  the  French  undertook  the  construction  of  the 
Panama  Canal  in  1881,  the  Isthmus  of  Panama  had  been  known 
for  years  as  the  "pest  hole  of  the  world",  and  it  fully  deserved 
this  reputation.  Yellow  fever  had  become  endemic,  and  when- 
ever there  was  a  fresh  importation  of  non-immunes,  as  upon 
the  arrival  of  Colombian  troops  from  the  mountainous  regions 
of  that  country,  an  extensive  epidemic  would  occur. 

Dr.  Wilfred  Nelson,  in  his  book  entitled  "Five  Tears  in 
Panama'^1)*  states  that  when  he  arrived  in  Panama  in  1880, 
the  Dean  of  the  Medical  Faculty  at  that  place,  in  describing  the 
climate,  said  to  him  "First  you  have  the  wet  season  lasting 
from  about  the  15th  of  April  to  the  15th  of  December,  when 
people  die  of  yellow  fever  in  four  or  five  days.  Next  you  have 
the  dry  season  from  December  15th  to  April  15th,  when  people 
die  of  pernicious  fever  in  from  twenty-four  to  thirty -six  hours ' '. 
Dr.  Nelson  says  that  five  years  as  a  practitioner  of  medicine  at 
Panama  amply  confirms  this  view  of  the  climate. 

While  yellow  fever  was  the  gravest  endemic  disease,  as 
far  as  the  death  rate  was  concerned,  malaria  was  the  great 
cause  of  invaliding.  During  the  period  of  construction  of  the 
Panama  Railroad  it  was  stated  that  no  one  escaped  infection 
by  this  latter  disease,  and  it  was  considered  impossible  to 
recover  fully  from  it  while  living  on  the  Isthmus. 

When  the  French  began  their  work,  nothing  was  known 
of  the  mode  of  transmission  of  malaria  and  yellow  fever,  and 

*(')  Refers  to  serial  number  of  reference  in  the  Bibliography. 
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hence  nothing  was  done  along  the  line  of  prevention  for  these 
diseases.  Indeed,  so  far  as  records  show,  there  was  no  pre- 
paratory work  of  any  sort  with  a  view  of  protecting  employees 
from  disease. 

A  splendid  system  of  hospitals  was  erected  at  both  ends  of 
the  Canal,  and  money  was  lavishly  spent  for  this  purpose.  It 
is  stated  that  the  buildings  of  Ancon  Hospital,  with  a  capacity 
of  about  500  patients,  cost,  together  with  the  laying  out  of 
the  grounds,  $6,500,000.  The  wards  were  of  the  pavilion  type 
and  admirably  adapted  for  their  purposes,  so  far  as  location, 
arrangement  and  ventilation  were  concerned,  but  the  supply  of 
water  was  limited,  there  were  no  bath  rooms  nor  water  closets, 
nor  were  the  buildings  screened  in  any  way. 

The  administration  of  the  hospital  was  bad.  It  was  run  by 
the  nursing  sisters,  who,  by  the  terms  of  their  contract,  were 
allowed  to  charge  one  dollar  per  day  for  each  employee.  As 
this  rate  was  higher  than  the  actual  rate  of  pay  of  most  of  the 
laboring  classes,  necessarily  very  few  of  these  applied  for 
admission.  Not  knowing  that  malaria  and  yellow  fever  were 
transmitted  by  mosquitoes,  the  hospital  physicians  placed  the 
bed  legs  in  pans  of  water  to  keep  out  ants.  These  pans  of  water 
became  breeding  places  for  mosquitoes  in  the  wards,  so  that  all 
the  conditions  were  present  for  the  transmission  from  one 
patient  to  another  of  yellow  fever  and  malaria,  and  other  mos- 
quito-borne diseases.  Thus  the  hospital  instead  of  being  a 
place  of  safety  became  a  source  of  great  danger  to  the 
occupants. 

The  arrival  of  large  bodies  of  non-immune  employees  on 
the  Isthmus  was  followed  by  severe  outbreaks  of  malaria  and 
yellow  fever,  because  of  which  it  became  almost  impossible  to 
carry  on  the  vv  ork.  In  the  month  of  September,  1884,  out  of  a 
total  force  of  18,647  employees,  the  Canal  company  buried  654 
officers  and  men.  During  the  period  from  1881  to  1889,  cover- 
ing the  operations  of  the  first  French  Canal  Company,  1026 
employees  died  in  Ancon  Hospital  from  yellow  fever.  It  is 
estimated  by  Col.  G-orgas(2)  that  fully  as  many  died  outside  of 
the  hospital  from  the  same  cause.  During  this  period  the  force 
of  white  employees,  who  were  alone  susceptible,  never  exceeded 
2500  men,  and  most  of  the  time  was  far  below  that  figure. 
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During  the  same  period  5527  employees  died  in  Ancon  Hospital 
from  various  causes;  it  is  estimated  by  competent  authorities 
that  for  each  employee  who  died  in  hospital,  two  died  outside 
of  it,  so  that  the  total  number  of  deaths  of  employees  in  eight 
years  would  be  about  16,500  (Col.  Gorgas  places  it  at  22,000) ; 
and  this  out  of  a  force  the  average  maximum  of  which,  for  the 
eight  years,  was  13,055. 

II.     CONSTRUCTION  PERIOD  UNDER  THE  AMERICAN  ISTHMIAN 
CANAL   COMMISSION. 

"When  the  Americans  undertook  the  construction  of  the 
Panama  Canal  in  1904,  one  of  the  first  steps  taken  was  to  send 
to  the  Isthmus  a  committee  of  sanitary  experts  headed  by  Col. 
W.  C.  Gorgas,  Medical  Corps  of  the  United  States  Army,  who 
had  just  earned  a  world-wide  reputation  as  Chief  Sanitary 
Officer  at  Havana,  in  freeing  that  city  and  Cuba  of  yellow  fever 
where  it  had  been  endemic  for  400  years.  This  committee  went 
carefully  into  the  work  of  making  plans  for  the  control  and 
prevention  of  disease,  without  which  a  successful  outcome  for 
the  Canal  construction  would  have  been  impossible. 

The  principal  diseases  to  be  combatted  were  malaria  and 
yellow  fever,  the  former  by  far  the  more  important  from  the 
point  of  view  of  the  actual  disability  to  be  anticipated  from  its 
operation,  but  the  latter  pre-eminent,  on  account  of  the  demora- 
lization of  the  force  which  would  necessarily  result  from  the 
large  death  rate  which  would  occur. 

There  were,  however,  other  tropical  and  general  diseases 
prevailing,  which  were  of  no  little  importance.  Among  these 
were  beri-beri,  small-pox,  dysentery,  and  typhoid  fever. 

Col.  Gorgas,  from  his  experience  gained  in  Havana,  had 
evolved  what  was  practically  a  new  idea  in  sanitation,  and 
which  was  destined  to  have  a  far-reaching  effect  both  in  secur- 
ing results  and  in  effecting  economy  in  costs.  (3)  In  Havana 
he  had  noticed  that  after  two  years  in  time,  and  the  expendi- 
ture of  a  great  deal  of  money,  he  had  made  Havana  a  "clean 
city",  but  that  nevertheless  not  only  did  yellow  fever  continue, 
but  the  number  of  cases  steadily  increased.  After  it  was  dis- 
covered that  yellow  fever  was  transmitted  by  the  mosquito, 
and  solely  by  the  Stegomyia  fasciata  mosquito,  he  directed  his 
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preventive  measures  entirely  against  that  mosquito  and  the 
disease  disappeared.  The  new  idea  was  that  in  preventive 
measures  we  should  not  waste  our  efforts  and  money  in  "shot- 
gun" prescriptions,  for  "general  sanitation",  but  direct  them 
against  the  ascertained  agencies  which  influence  directly  the 
transmission  of  the  disease  in  question. 

As  in  fighting  yellow  fever  the  Stegomyia  fasciata  (Aedes 
■eolopus)  was  the  only  enemy,  and  in  malaria  certain  Anopheline 
mosquitoes,  no  money  was  wasted  in  fighting  other  than  the 
disease-carrying  species  of  mosquitoes. 

By  studying  the  life  history  and  habits  of  the  infectious 
species,  information  was  acquired  of  great  importance  from  an 
economical  point  of  view.  For  instance,  near  a  settlement  there 
might  be  a  large  pond  or  marsh  in  which  mosquitoes  were 
breeding  and  which  it  would  be  very  expensive  to  drain  or 
treat ;  if  it  were  found  that  Anophelines  did  not  breed  in  it,  no 
action  would  be  necessary  so  far  as  malaria  was  concerned.  Or, 
it  having  been  ascertained  that  the  flight  of  Anophelines  was 
usually  against  the  wind,  it  might  be  unnecessary  to  care  for 
a  breeding  place  on  the  windward  side  of  a  settlement. 

The  organization  proposed  by  Col.  Gorgas  for  the  Sanitary 
Department  included  three  divisions,  the  quarantine  division, 
the  hospital  division,  and  the  sanitary  division  proper. 

The  quarantine  division  had  entire  charge  of  quarantine 
matters  on  both  sides  of  the  Isthmus. 

The  hospital  division  had  charge  of  the  care  of  the  sick  and 
included  a  large  hospital  at  Ancon  on  the  Pacific  side,  with  a 
capacity  of  1600  beds,  and  another  on  the  Atlantic  side  at 
•Colon,  with  a  capacity  of  about  500  beds,  an  asylum  for  the 
insane,  and  another  for  the  care  of  lepers  at  Miraflores,  and 
later  at  Palo  Seco.  The  Canal  Zone  itself  was  divided  into  a 
number  of  districts,  in  each  of  which  a  small  hospital  or  sick- 
•camp  was  provided,  under  the  care  of  a  physician  and  staff  of 
attendants,  their  purpose  being  to  give  emergency  treatment 
and  to  care  for  patients  who  might  not  require  more  than  one 
or  two  days  in  the  hospital. 

A  hospital  train,  with  a  specially  fitted  hospital  car  was 
provided  which  crossed  the  Isthmus  once  or  twice  a  day,  taking 
up  the  sick  at  each  station  for  transmission  to  the  hospital. 
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The  sanitary  division  was  divided  into  three  sections,  the 
Health  Office  of  Panama,  the  Health  Office  of  Colon,  and  the 
Canal  Zone  section. 

The  Health  Officers  of  Panama  and  Colon  performed  the 
usual  duties  of  Health  Officers  elsewhere,  and,  in  addition,  had 
charge  of  street  cleaning  and  garbage  removal.  A  code  of  sani- 
tary regulations  was  drawn  up  and  the  Health  Officers  took 
charge  of  their  enforcement.  The  cities  were  divided  into  dis- 
tricts, each  in  charge  of  a  sanitary  inspector.  In  sanitary  mat- 
ters the  Canal  Zone  was  under  the  charge  of  a  Chief  Sanitary 
Inspector  and  Assistant  Chief  Sanitary  Inspector.  It  was 
divided  into  districts,  each  in  charge  of  one  or  more  sanitary 
inspectors  with  a  corps  of  assistants.  There  were  also  two 
division  inspectors  and  an  inspector-entomologist. 

YELLOW  FEVEE. 

When  the  force  for  the  construction  of  the  Canal  began  to 
arrive,  in  June,  1904,  yellow  fever  was  prevailing  sporadically, 
as  it  always  did  during  the  intervals  of  the  severe  epidemic  out- 
breaks which  followed  the  introduction  of  large  numbers  of 
non-immunes. 

The  water  supplies  of  the  Canal  Zone  and  the  terminal 
cities  consisted  entirely  of  rain-water,  which  was  stored  up 
through  the  dry  season  in  tanks,  cisterns  and  receptacles  of  all 
sorts,  affording  ideal  breeding  places  for  the  yellow  fever  mos- 
quitoes which  were  everywhere  present  in  vast  numbers. 

The  first  thing  to  be  done,  therefore,  was  to  do  away  with 
these  water  containers,  by  providing  an  abundant  supply  of 
piped  water  with  sewers  to  carry  it  off,  and  this  work  was 
undertaken  immediately  after  the  first  Commission  took  charge. 

At  the  same  time  provision  was  made  for  paving  the  streets 
and  thus  disposing  of  the  thousands  of  puddles  of  water  in 
streets  and  patios,  in  which  mosquito  breeding  was  going  on. 

Yellow  fever  did  not  cause  any  serious  alarm  until  the  close 
of  the  year  1904,  when  the  number  of  cases  suddenly  increased 
from  a  maximum  of  two  cases  in  November  to  six  cases  in 
December,  and  nineteen  in  January  of  1905.  Prom  this  time 
there  was  a  steady  increase  until  June,  in  which  month  there 
were  sixty-two  cases  and  nineteen  deaths. 
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By  this  time  a  panic  had  begun  to  seize  the  employees,  and 
the  number  who  left  the  Isthmus  on  account  of  yellow  fever 
was  limited  only  by  the  ability  of  the  outgoing  boats  to  carry 
them  away. 

The  measures  taken  for  the  control  of  the  disease  were 
aimed  directly  against  the  Stegomyia  fasciata  mosquito,  now 
known  to  be  the  only  transmitter  of  the  disease;  they  were 
grouped  under  the  following  heads : 

(1)  Elimination  of  breeding  places. 

(2)  Destruction  of  infected  mosquitoes. 

(3)  Presenting  yellow  fever  mosquitoes  from  becom- 
ing infected,  by  screening  the  patient  in  the  infec- 
tious stage. 

The  terminal  cities  and  the  Canal  Zone  were  divided  into 
districts,  with  a  sanitary  inspector  in  charge  of  each,  and  a 
house  to  house  inspection  made  to  discover  possible  cases  of 
yellow  fever  as  early  as  possible.  Physicians  and  all  those 
concerned  were  required,  under  penalty,  to  report  immediately 
all  suspicious  cases,  and  as  the  number  of  cases  became  less,  a 
reward  was  offered  for  each  case  reported. 

Under  the  first  heading  the  measures  taken  were: — the 
introduction  of  a  piped  water  supply  doing  away  with  the 
necessity  for  keeping  water  containers  about  the  premises,  the 
prohibition  of  the  use  of  water  containers  within  one  hundred 
yards  of  a  piped  water  supply,  and  the  proper  protection  of  all 
water  containers  where  conditions  required  their  continued  use. 
Pools,  cisterns,  and  cess-pools  were  oiled  once  a  week. 

"When  water  barrels  were  used  they  were  screened  in  the 
following  manner :  The  top  of  each  was  covered  with  18-mesh 
copper  wire;  upon  the  center  of  this  was  placed  a  square  foot 
of  one-fourth  inch  mesh  wire,  to  protect  the  finer  screening, 
and  over  this  was  placed  a  wooden  cover  with  a  hole  in  the 
center  six  inches  square,  to  permit  introduction  of  the  water; 
the  top  was  then  nailed  firmly  in  place  and  a  spigot  inserted 
near  the  bottom.     (Figure  1.) 

For  the  destruction  of  infected  mosquitoes,  the  most  impor- 
tant measure  was  the  prompt  fumigation  of  the  room  in  which 
the  case  of  yellow  fever  occurred,  followed  by  the  fumigation 
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of  the  entire  house  and  of  the  adjoining  houses.  In  Panama  it 
became  necessary  finally  to  fumigate  all  the  houses  in  the  city, 
and  this  was  done  several  times.  The  methods  of  fumigation 
are  described  under  "Malaria". 


Fig.  1.     Screened   Water   Barrel. 

Under  the  third  heading  were  measures  to  screen  promptly 
the  yellow  fever  case,  either  in  his  own  quarters  or  in  hospital, 
and  the  permanent  screening  of  all  quarters  in  the  Canal  Zone. 
Yellow  fever  cases,  and  all  suspicious  cases  which  might  be 
yellow  fever,  were  removed  to  the  hospital,  and  isolated  in  mos- 
quito-proof rooms.     In  screening  the  patient  in  hospital  or  at 
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home,  a  portable  yellow  fever  cage  was  often  used  as  shown  in 
the  illustration.     (Figure  2.) 

All  these  measures  vigorously  carried  out  soon  began  to 
show  marked  success.  After  June,  the  number  of  new  cases 
steadily  decreased,  and  the  last  case  occurred  in  December  of 
1905, 


Fig.  2.     Portable  Yellow  Fever  Cage. 

In  May,  1906,  another  case  was  reported  in  Colon.  It  was 
officially  diagnosed  as  yellow  fever  but  as  to  its  true  nature 
there  is  much  doubt.  "With  this  exception,  not  a  single  case  of 
yellow  fever  has  originated  on  the  Isthmus  since  December, 
1905.  Occasional  cases  have  been  introduced  from  without,  but 
there  has  been  no  spread  of  the  disease. 

At  first  it  was  thought  that  the  preventive  means  adopted 
under  the  last  two  headings  would  be  the  most  effective,  and 
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theoretically  they  should  be  sufficient  of  themselves  to  control 
the  disease ;  practically  they  failed  to  do  so.  In  Panama  it  was 
found  that  several  months  after  these  measures  had  been  in 
force  the  disease  continued  unabated.  This  was  probably 
because  a  few  infected  mosquitoes  escaped  each  time  fumiga- 
tion was  done,  and  because  there  were  probably  some  very  mild 
cases  which  escaped  notice  and  permitted  the  mosquitoes  to 
become  infected. 

Col.  Gorgas  is  of  the  opinion  that  the  reduction  of  the 
number  of  stegomyia  by  elimination  of  breeding  places  is  the 
all-important  factor,  and  that  when  this  number  in  any  in- 
fected locality  is  reduced  below  a  certain  unknown  point, 
which  Col.  Gorgas  calls  the  "yellow  fever  point",  the  disease 
will  cease  abruptly.  (*)  He  states  that  when  the  disease  disap- 
peared on  the  Isthmus  in  December,  1905,  there  were  still 
present  in  Panama  a  large  number  of  non-immunes,  a  few 
stegomyia  mosquitoes,  and  that  there  had  been  recent  cases 
of  yellow  fever  to  infect  these  mosquitoes,  yet  the  disease  dis- 
appeared abruptly.  He  explains  these  facts  by  stating  that 
when  the  number  of  stegomyia  mosquitoes  is  reduced  below  a 
certain  point,  the  chances  of  any  one  of  the  females  biting  a 
case  of  yellow  fever  in  the  infectious  period  (which  lasts  only 
three  days) ,  and  then  living  long  enough  to  itself  become  infec- 
tious (twelve  days),  and  then  biting  a  non-immune  (which  class 
in  tropical  cities  is  always  only  a  small  percentage  of  the  total 
population),  are  so  slight  as  to  be  negligible. 

In  Panama  it  took  noticeably  longer  to  control  yellow  fever 
than  it  did  in  Havana ; — in  Panama,  sixteen  months ;  in  Havana, 
about  eight  months.  This  discrepancy  is  explained  by  Col. 
Gorgas,  who  states  that  at  the  time  the  mosquito  theory  for 
the  prevention  of  yellow  fever  was  put  into  operation  in 
Havana,  they  had  already  developed  there  a  perfect  sanitary 
machine  which  was  quickly  put  in  commission  and  effective, 
whereas  in  Panama  the  force  had  to  be  very  slowly  organized 
under  great  difficulties  before  it  became  effective  in  operation. 

MALARIA. 

While  yellow  fever  was  thus  entirely  eliminated,  the  same 
was  not  true  of  malaria.    This,  as  I  have  stated,  was  the  disease 
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of  most  importance,  on  account  of  the  tremendous  disability 
caused  by  it.  Col.  Gorgas  says  in  one  of  his  papers :  ' '  Malaria 
in  the  tropics  is  by  far  the  most  important  disease  to  which 
tropical  populations  are  subject,  either  military  or  civil.  While 
the  percentage  of  fatalities  is  not  nearly  so  great  as  from  some 
other  tropical  diseases,  the  amount  of  incapacity  caused  by 
malaria  is  very  much  greater  than  that  due  to  all  other  diseases 
combined.  I  was  very  much  impressed  with  this  at  Santiago. 
While  we  had  more  deaths  from  yellow  fever  and  typhoid  fever 
than  from  malaria,  the  latter  was  the  disease  that  prostrated  our 
splendid  little  army.  About  the  beginning  of  August  there 
were  very  few  individuals  that  were  not  suffering  from  fever, 
and  the  army  as  a  whole  was  scarcely  able  to  move.  The  mental 
depression  caused  by  this  general  sickness  can  hardly  be  appre- 
ciated by  any  one  who  did  not  see  it,  and  -against  a  fresh  enemy 
of  greatly  inferior  strength  our  army  of  that  time  would  have 
been  entirely  helpless. 

"Panama,  I  suppose,  is  as  favorable  a  place  for  the  devel- 
opment of  malaria  as  could  be  found.  The  towns  of  Colon  and 
Panama,  at  the  terminals  of  the  Canal,  are  not  large  enough  to 
do  away  with  the  breeding  of  Anopheles;  that  is,  Anopheles 
breeding  in  the  suburbs  can  very  well  travel  to  the  centers  of 
these  towns,  and  the  population  living  along  the  Canal  in  little 
villages  a  mile  or  two  apart,  between  Colon  and  Panama,  are 
ideally  situated  for  the  development  of  malaria.  About  one- 
third  of  the  Canal  runs  through  a  low  alluvial  and  marshy  plain, 
and  the  other  two-thirds  pass  through  a  hilly  and  mountainous 
country.  Along  the  banks  of  the  little  rivulets,  which  run  in 
every  direction,  the  Anopheles  breed  just  about  as  well  as  in 
the  marshy  level  country,  and  the  very  general  infection  of 
the  population  by  malaria,  causes  most  of  the  Anopheles  near 
human  habitations  to  become  infected. 

"We  knew  from  the  experience  of  our  predecessors  on  the 
Isthmus  that  malaria  would  be  our  greatest  trouble,  and  we  did 
what  we  could  toward  correcting  the  conditions.  Our  greatest 
endeavor  has  been  toward  draining  the  localities  near  all  towns 
and  dwellings,  so  as  to  make  the  ground  as  dry  as  possible,  and  in 
order  to  leave  as  few  breeding  places  as  possible  for  the  mos- 
quitoes. In  places  that  could  not  be  drained,  oil  was  used  very 
freely. 
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"With  a  large  body  of  laborers,  such  as  we  have  here,  I 
think  an  equally  important  measure  is  the  giving  of  prophy- 
lactic doses  of  quinine.  We  also  screened  as  many  of  the  houses 
as  possible  and  influenced  all  inhabitants  to  use  mosquito-bars. 
These  measures,  followed  up  persistently,  have  had  a  great 
effect  in  reducing  the  malaria". 

At  this  time  investigation  showed  that  about  seventy  per- 
cent of  the  people  living  on  the  Zone  had  the  organism  of 
malaria  present  in  their  blood,  in  other  words,  were  active 
carriers  of  that  disease. 

Malaria  being  a  disease  which  is  transmitted  only  by 
Anophelines,  which  are  country-bred  mosquitoes,  the  measures 
taken  against  them  were  principally  confined  to  country  dis- 
tricts and  the  suburban  sections  of  the  terminal  cities. 

The  methods  used  may  be  classified  as  follows: 

(1)  Elimination  of  breeding  places  by  filling,  drainage, 
(tile  and  surface),  introduction  of  sea-water  into  fresh  water 
pools,  trimming  and  cleaning  of  banks  of  streams,  cutting  of 
brush  and  grass,  etc. 

(2)  Destruction  of  larvae  by  oiling,  poisoning  with  larva- 
cide,  and  the  introduction  of  small  fish  of  the  species  which  feed 
on  larvae. 

(3)  Destruction  of  adults  by  catching-tubes,  by  traps,  and 
by  fumigation. 

(4)  Protecting  man  from  the  bites  of  mosquitoes  by 
screening. 

(5)  Segregation  of  employees,  that  is,  locating  the  dwell- 
ings of  non-immunes  far  apart  from  the  native  villages,  the 
inhabitants  of  which  form  reservoirs  from  which  mosquitoes 
obtain  their  infection. 

(6)  Immunization  by  use  of  quinine,  that  is,  quinine 
prophylaxis. 

ELIMINATION   OF  BREEDING  PLACES. 

Filling.  This  of  course  is  the  most  satisfactory  way  of 
eliminating  a  breeding  place,  as  it  is  a  permanent  cure,  but  it 
was  often  impracticable  on  account  of  the  expense  involved ; 
however,  large  areas  were  filled  with  waste  from  the  cuts  or 
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from  hydraulic  dredging  and  these  filled  areas  increased  in 
value  far  beyond  the  cost  of  the  fill. 

Drainage.  Simple  unlined  ditches  had  often  to  be  used 
during  the  construction  period  of  the  work  as  temporary 
measures,  but  they  required  constant  attention  and  were  there- 
fore expensive.  Sub-soil  or  tile  drains  were  very  satisfactory 
in  certain  situations,  but  in  time  they  also  frequently  became 
obstructed  by  roots  and  silt,  and  required  to  be  opened  up  for 
repairs. 

Concrete  lined  ditches  are  very  satisfactory,  and  while 
their  first  cost  is  large,  their  maintenance  is  very  inexpensive. 
A  number  of  different  types  have  been  tried  on  the  Isthmus, 
and  the  general  tendency  has  been  to  make  them  simpler  and 
less  costly.  Among  the  forms  at  present  in  use  are, — those 
made  of  old  French  roof  tile  covered  by  a  thin  layer  of  con- 
crete, chicken  wire  covered  with  concrete,  and  a  rubble  made 
of  stones  picked  up  in  the  vicinity  wherever  stones  were  plenti- 
ful. In  all  these  forms,  it  is  necessary  wherever  there  is  much 
slope  to  use  key  walls  at  more  or  less  frequent  intervals,  to 
prevent  the  concrete  from  washing  out. 

Introduction  of  Sea  Water.  The  larvae  and  pupae  of 
Anopheline  mosquitoes  cannot  live  in  sea  water;  therefore  its 
introduction  into  fresh-water  pools  has  been  found  very  effec- 
tive, where  the  sea  water  could  be  introduced  in  sufficient  quan- 
tity to  make  and  keep  the  pool  strongly  saline,  and  flush  it  out 
with  the  rise  and  fall  of  the  tide. 

Cleaning  Banks  of  Streams  and  Pools.  It  has  been  found 
that,  where  pockets  formed  in  the  banks  of  streams  and  pools, 
or  where  these  are  obstructed  by  vegetation,  Anopheline  mos- 
quitoes breed  freely.  For  this  reason  pockets  are  filled  or  cut 
away  and  the  banks  of  the  stream  cleared  of  brush  and  grass, 
and  cut  down  vertically  if  practicable,  so  as  to  obtain  the 
benefit  of  wave  action,  and  also  allow  access  of  the  small  fish 
which  eat  the  larvae. 

Along  unlined  drainage  ditches  the  best  method  of  getting 
rid  of  grass  and  brush  is  by  burning ;  for  this  purpose  a  Myers 
barrel-pump  is  used.  A  fire  is  started  at  the  windward  end  of 
the  ditch  and  is  kept  in  progress  by  spraying  crude  oil  upon 
and  a  little  in  advance  of  the  fire,  toward  leeward.     The  barrel 


Digitized  by  Microsoft® 


SANITATION  IN  THE  PANAMA  CANAL  ZONE 


97 


pump  is  fitted  with  about  fifty  feet  (15  meters)  of  rubber  hose, 
at  the  end  of  which  .there  is  inserted  about  six  feet  (1.8  meters)  of 
one-half  inch  (1.27  centimeters)  metal  pipe  with  a  spray  nozzle 
at  the  end.     (Figure  3.) 


Pig.  3.     Burning  Grass  from  Side  of  Ditch,  Crude  Oil  used  as  Fuel. 

Experience  has  shown  that  when  the  sides  and  borders  of 
ditches  are  thus  burned  and  then  treated  frequently  with  crude 
oil,  vegetation  does  not  grow  again  for  a  long  time  and  the 
stability  of  the  ditch  against  washing  by  rains  is  greatly 
increased.     (Figure  4  and  Figure  5  in  contrast.) 
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Cutting  of  Brush  and  Grass.  Brush  and  high  grass  not 
only  act  as  a  protection  to  the  adult  mosquitoes,  but  prevent 
the  evaporation  of  small  pools  of  water,  and  hide  these  from 
the  inspector;  they  also  hide  receptacles  of  all  kinds,  which 
may  hold  sufficient  water  for  breeding  purposes;  therefore, 
grass  and  brush  should  be  cut  away  for  at  least  500  yards  (457 
meters)  from  the  nearest  quarters. 


Pig.  4.     Condition  of  Ditch  Two  Months  after  Grass  Burning. 

Destruction  of  Larvae. 

Oiling  of  pools,  ditches,  etc.,  with  crude  oil  so  as  to  form 
a  surface  film,  which  cuts  off  access  to  air  for  the  mosquito 
larvae,  is  extensively  used.  At  one  time  we  were  using  65,000 
gallons  (246,053  liters)  of  oil  per  month  for  this  purpose.  Many 
devices  have  been  used  for  the  purpose  of  distributing  the  oil. 

For  small  permanent  streams  and  running  ditches  the  most 
common  device  is  an  automatic  drip-can  made  from  an  ordinary 
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garbage  can,  in  the  side  of  which  is  cut  a  small  opening,  about 
three  inches  (7.6  centimeters)  above  the  bottom,  two  inches  (5 
centimeters)  in  width  and  three-eighths  of  an  inch  (0.95  centi- 
meter) high;  into  this  opening  is  soldered  a  flat  spout  of  tin, 
one  and  three-fourth  inches  (4.5  centimeters)  wide,  one-fourth 
inch  (0.64  centimeter)  high,  and  three  inches  (7.6  centimeters) 


Fig.  5.     Ditch,   Cleaned  by  Hand,   Two  Months   after  Removing   Grass. 

long,  and  in  the  spout  is  placed  a  lamp  wick  leading  into  the 
oil.  The  bottom  of  the  can  up  to  within  one  inch  of  the  wick 
is  filled  with  water,  which  serves  as  a  catch-basin  for  gross 
impurities  which  would  otherwise  clog  the  wick.  (Figure  6.) 
As  the  oil  which  we  use  here  is  rather  thick,  it  is  conven- 
ient to  cut  or  thin  it  by  adding  five  to  ten  per  cent  of  "lar- 
vacide"  or  kerosene  oil.    The  drip-can  is  placed  on  a  board  at 
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the  head  of  the  ditch  or  stream  and  at  a  height  of  three  or  four 
feet  (about  one  meter)  above  the  surface  of  the  water  and  so 
arranged  that  there  will  be  a  constant  dripping  of  oil  upon  the 
surface  of  the  water.  These  drip-cans  are  visited  once  or  twice 
a  week  by  an  inspector  who  keeps  them  full  and  notes  whether 
they  ar.e  dripping  at  the  proper  rate. 


Fig.  6.     Sanitary  Drip-Barrel.    Drips  Mosquito  Oil  Automatically. 

For  small  pools  the  oil  is  thickly  spread  by  an  ordinary 
garden  sprinkling  can.  In  other  places  a  "Myers  knapsack" 
and  spray  pump  is  used.     (Figure  7.) 

For  oiling  ditches  along  roads,  Sanitary  Inspector  Trask 
has  devised  a  sprinkling  cart  with  a  movable  arm  which  can  be 
raised  or  lowered,  and  extends  over  the  ditch.    When  the  roads 
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are  not  too  soft  this  device  is  a  great  economizer  of  time  and 
labor.    (Figure  8.) 

Another  device  which  has  been  found  useful  is  to  take  a 
large  handful  of  waste,  saturate  it  with  oil,  tie  to  a  stone  and 
anchor  it  in  a  ditch  or  drain. 


Fig.  7.     Application  of  Larvacide   (Mosquito  Oil)   by  use  of  Knapsack  Sprayer. 

Where  large  bodies  of  water  which  have  been  oiled,  are 
subjected  to  strong  winds,  the  oil  film  is  often  blown  off  to  one 
side,  and  to  prevent  this  dispersion  of  the  film,  pieces  of  wood 
or  plank  are  used,  anchored  in  place  on  the  windward  side. 
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Small  fish,  especially  top  minnows,  which  feed  upon  larvae, 
have  been  found  useful  in  reducing  their  numbers  in  places 
where  the  oil  cannot  be  used.  For  some  unknown  reason,  fish 
do  not  seem  to  be  as  effective  for  this  purpose  on  the  Isthmus 
as  they  are  elsewhere.  Of  course,  in  order  that  they  should  be 
useful  at  all  it  is  necessary  that  the  larvae  should  be  accessible. 
Where  algae  and  other  forms  of  vegetation  are  abundant,  it  is 
impossible  for  the  fish  to  get  at  them,  and  under  such  circum- 


Fig.  8.     Wheeled   Ditch   Oiler. 

stances  other  measures  must  be  resorted  to,  or  the  algae  and 
vegetation  must  be  cleared  away. 
Destruction  of  Adults. 

Where  large  numbers  of  adult  mosquitoes  have  been  found 
in  quarters,  it  was  the  custom  to  destroy  them  by  fumigation, 
with  pyrethrum  or  sulphur.  Sulphur  was  used  in  a  proportion 
of  two  pounds  (907.2  grams)  per  one  thousand  cubic  feet 
(28.32  cubic  meters)  of  air  space,  with  an  exposure  to  the  fumes 
of  about  two  hours;  pyrethrum,  about  two  pounds  (907.2 
grams)  to  the  thousand  cubic  feet  (28.32  cubic  meters)  of  air 
space,  with  an  exposure  of  four  hours,  was  eqiially  effective. 

When  pyrethrum   is   used,   many  mosquitoes   are   merely 
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stunned,  and  it  is  necessary  to  sweep  them  up  after  the  fumiga- 
tion and  burn  them. 

Latterly,  the  actual  catching  of  mosquitoes,  in  quarters 
where  malaria  prevails,  has  been  found  increasingly  effective 
and  fumigation  is  seldom  resorted  to.  The  catching  is  either 
done  by  hand,  using  tubes,  or  by  traps.    The  tubes  used  are  the 


Fig.  9.     Mosquito  Trap  under  Eaves  of  Labor  Barrack. 

ordinary  glass  cylindrical  tubes  about  one  inch  in  diameter, 
containing  a  number  of  rubber  bands  which  have  been  dis- 
solved by  chloroform;  over  these  is  placed  some  absorbent 
cotton,  then  a  disc  of  blotting  paper,  and  the  mouth  of  the  tube 
closed  by  a  cork.  To  catch  the  mosquito,  the  cork  is  removed 
and  the  tube  placed  over  the  mosquito,  which  is  killed  by  the 
fumes  of  the  chloroform  and  falls  into  the  tube.  Catching  is 
done  in  the  dark  corners  with  the  aid  of  a  small  acetylene 
hand-lamp. 
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Recently  a  very  excellent  type  of  mosquito  trap  has  been 
invented  by  Mr.  Bath,  Sanitary  Inspector.  This  trap  which  is 
shown  in  the  illustration  is  placed  under  the  eaves  of  the  quar- 
ters, over  an  opening  cut  through  the  screen,  usually  on  the 
leeward  side  of  the  house,  and  is  very  effective.  (Figure  9.) 
Screening. 

All  the  quarters  in  the  Canal  Zone  are  thoroughly  screened 
with  eighteen  mesh  copper  wire  screening.  As  a  general  rule 
verandas  are  screened,  so  that  the  doors  and  windows  proper 
are  left  open.  In  the  veranda  there  are  as  few  doors  as  pos- 
sible, and  they  are  made  of  screening  and  open  outward.  This 
method  of  protecting  man  from  mosquito  bites  by  screening  the 
house  is  far  more  effective  than  is  the  use  of  mosquito  bars, 
which  on  the  narrow  beds  ordinarily  used,  allows  the  occupants 
to  come  in  contact  with  the  netting  and  be  bitten  by  the  mos- 
quitoes on  it.  (Figure  10.) 
Segregation. 

This  is  a  very  important  measure,  inasmuch  as  it  separates 
the  non-immune  population  from  the  natives  who  serve  as 
reservoirs  of  malaria.  In  the  Canal  Zone  it  has  been  carried 
out  as  far  as  practicable,  but  has  not  occupied  as  prominent  a 
position  as  have  the  other  measures  referred  to. 
Quinine  Prophylaxis. 

In  order  to  supplement  the  other  measures,  and  under  con- 
ditions where  they  may  not  be  applicable,  the  use  of  quinine 
as  a  prophylactic  measure  in  doses  of  two  or  three  grains  (0.13 
or  0.19  grams),  two  or  three  times  a  day,  has  been  very  effective. 
Some  good  observers  are  disposed  to  question  the  utility  of 
quinine  for  this  purpose,  claiming  that  those  who  take  it  acquire 
an  immunity  to  quinine  which  prevents  its  effective  use  when 
they  do  become  infected  with  malaria.  "While  no  authoritative 
comprehensive  tests  have  been  made,  the  weight  of  our  experi- 
ence on  the  Canal  Zone  is  in  favor  of  the  effectiveness  of  quinine 
prophylaxis. 

Dr.  H.  R.  Carter,  formerly  Director  of  Hospitals  here,  and 
an  unquestioned  authority  upon  tropical  diseases,  especially 
malaria,  states  that  he  has  again  and  again  seen  a  rapid  fall  in 
the  incidence  of  malaria  after  the  use  of  quinine  prophylaxis  in 
an  infected  camp.(5)    He  states  that  the  more  intelligent  class 
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Fig.  10.     Screened  House. 

of  white  Americans,  who  have  used  quinine  prophylaxis  when 
malaria  was  very  prevalent,  always  ask  for  it  again  when  a 
new  outbreak  occurs,  thus  showing  their  faith  in  its  efficacy. 
Certainly  large  quantities  of  quinine  have  been  used  for  the 
purpose.  The  largest  issue  of  quinine  on  the  Zone  in  one  year 
equalled  3,148.05  pounds  (1,427.95  kilograms). 
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Use  of  Larvacide. 

In  treating  water  to  destroy  mosquito  larvae,  it  frequently 
happens  that  oil  cannot  be  effectively  applied;  particularly  is 
this  the  case  where  there  is  much  vegetation  in  the  water,  pre- 
venting the  spread  of  the  film.  Again,  in  the  case  of  small  col- 
lections of  water,  and  pockets  along  the  edge  of  streams,  other 
measures  are  frequently  more  useful.  In  such  instances  we 
use  a  substance  which  diffuses  itself  through  the  water  in  the 
form  of  an  emulsion,  and  is  poisonous  to  the  larvae.  For  this 
purpose  "Phinotas"  oil  was  used  at  first,  and  later  we  began 
to  make  on  the  Isthmus  a  similar  preparation  for  our  own  use 
and  known  as  "larvacide". 

It  is  prepared  from  crude  carbolic  acid,  rosin  and  caustic 
soda.  The  crude  carbolic  acid  must  contain  not  less  than  15 
per  cent  of  tar  acids,  and  be  of  a  specific  gravity  not  greater 
than  0.97. 

To  150  gallons  (568  liters)  of  crude  carbolic  acid  is  added 
200  pounds  (91  kilograms)  of  powdered  rosin,  and  the  mixture 
is  heated  to  a  temperature  of  212  degrees  Fahrenheit  (100° 
Centigrade),  until  a  perfectly  uniform  liquid  is  formed;  30 
pounds  (13.6  kilograms)  of  soda  dissolved  in  about  six  gal- 
lons (22.7  liters)  of  water  is  then  added  and  the  mixture  main- 
tained at  the  boiling  point  until  a  sample  of  the  solution  immedi- 
ately emulsifies  with  water.  The  mixture  must  be  stirred 
briskly  throughout  the  process.  This  larvacide  in  a  one  to  1000 
emulsion  will  kill  mosquito  larvae  in  one  to  five  minutes  and 
in  a  one  to  5000  emulsion  it  will  kill  them  in  half  an  hour. 

The  larvacide  is  also  a  cheap  and  valuable  disinfectant  in 
a  one  percent  solution. 

Its  only  defect  appears  to  be  that  its  efficacy  is  impaired  by 
exposure  to  air,,  and  that  it  is  rather  expensive,  costing  about 
twenty  cents  per  gallon  (per  3.79  liters). 

For  killing  larvae,  larvacide  is  used  in  a  ten  percent  emul- 
sion, which  is  sprinkled  upon  the  water  by  an  ordinary  garden 
sprinkler  or  spread  upon  it  with  a  Myers  knapsack-sprayer,  in 
such  quantity  as  to  form  a  solution  of  about  one  to  2000  with 
the  water  to  be  treated.  It  spreads  rapidly  through  the  water, 
both  laterally  and  vertically,  and  kills  all  the  larvae  with  which 
it  comes  in  contact.    It  appears  to  be  just  as  effective  in  sea 
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water  as  in  fresh  water;  its  action,  however,  is  somewhat  dif- 
ferent; in  sea  water  it  diffuses  laterally,  while  in  fresh  water 
the  diffusion  is  downward.  (6) 

PLAGUE. 

The  geographical  situation  of  the  Isthmus  of  Panama  ren- 
ders it  particularly  susceptible  to  plague  infection,  and  very  im- 
portant as  a  point  of  plague  distribution,  should  it  ever  gain  a 
foothold  there. 

Ever  since  American  occupation,  and  before  that  time,  we 
have  been  constantly  threatened  from  plague  centers  on  both 
sides  of  the  Isthmus,  which  are  in  frequent  and  close  communi- 
cation with  our  ports.  Since  plague  first  gained  its  foothold 
on  the  Pacific  Coast  of  South  America,  in  1902,  it  has  been 
gradually  creeping  up  the  coast  until  now  practically  all  the 
ports  of  Peru  and  Ecuador  are  infected  and  we  have  it  within 
three  days'  sail  of  us,  and  epidemic,  at  Guayaquil,  Esmeraldas, 
and  Manta.  On  the  Atlantic  side,  at  this  writing,  it  is  in  Car- 
acas and  at  La  Guayra,  its  port,  the  latter  within  three  days' 
sail  of  us.  It  has  also  prevailed  recently  at  Curagao,  Trinidad, 
Porto  Eico,  Santiago,  and  New  Orleans. 

It  is  to  be  understood  that  plague  is  primarily  a  disease  of 
rats;  it  only  secondarily  occurs  in  man;  the  infection  is  con- 
veyed from  the  rat  to  man  through  fleas  which  have  bitten  an 
infected  rat  and  subsequently  bitten  a  man.  It  is  also  con- 
veyed, though  not  so  frequently,  by  infected  articles  of  cargo, 
and  by  man  himself,  though  it  is  directly  contagious  from  man 
to  man  probably  only  in  pneumonic  cases.  Both  men  and  fo- 
mites  are  ordinarily  infective  only  through  the  fleas  which  they 
harbor. 

The  measures  taken  for  the  protection  of  the  Isthmus  have 
been  under  two  headings :  first,  keeping  plague  out  by  means 
of  rigid  quarantine ;  second,  putting  the  ports  into  such  condi- 
tion as  to  make  it  difficult  or  impossible  for  it  to  spread  should 
it  be  introduced.  So  far,  these  measures  have  been  very 
successful. 

Only  two  cases  of  plague  have  originated  in  the  Zone.  The 
first  of  these  occurred  in  June,  1905,  in  the  person  of  a  "West 
Indian  negro  who  lived  in  La  Boca  and  worked  upon  the  docks 
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there ;  lie  had  not  left  the  Isthmus  for  three  months  previously, 
and  must  therefore  have  contracted  the  disease  here.  The  case 
was  promptly  recognized  and  isolated,  and  the  town  immedi- 
ately placed  under  the  direct  charge  of  the  Chief  Quarantine 
Officer,  who  took  active  measures  for  the  fumigation  and  dis- 
infection of  the  infected  area,  destruction  of  rats,  and  the  clean- 
ing up  of  rat-harbors  and  sources  of  rat  food;  the  town  was 
also  quarantined. 

These  measures  were  entirely  successful.  The  rats  caught 
in  the  infected  area  were  examined  and  a  few  were  found  to  be 
plague  infected. 

In  August  of  the  same  year  a  second  ease  occurred,  in  a 
negro  resident  of  Ancon,  working  at  La  Boca.  The  same  meas- 
ures were  used  in  this  case,  and  since  that  time  no  other  cases 
have  developed  on  the  Isthmus.  Though  one  or  two  cases  have 
been  brought  in  from  the  outside,  there  was  no  spread  of  the 
disease. 

The  measures  taken  to  keep  out  the  disease  consisted  in 
fumigation  and  destroying  rats  at  the  port  of  departure,  care- 
ful inspection  at  the  port  of  arrival,  and  a  second  fumigation, 
if  coming  from  an  infected  port;  inspection  of  passengers  at 
the  port  of  arrival,  and  detention  and  isolation  of  all  suspicious 
cases.  At  the  port  the  ship  is  fended  off  and  rat  guards  are 
used  to  prevent  possibly  infected  rats  from  getting  ashore. 

The  building  regulations  in  the  terminal  ports  require  that 
all  buildings  shall  be  made  rat-proof  as  soon  as  possible ;  houses 
must  be  either  raised  three  feet  above  the  ground  and  built 
with  a  single  wall,  or,  if  upon  the  ground,  must  have  a  concrete 
floor  with  concrete  foundation  extending  at  least  twelve  inches 
(0.3  meter)  below  the  surface  and  nine  inches  (0.23  meter)  above 
the  floor ;  all  walls  to  be  single. 

In  addition,  steps  are  taken  to  destroy  all  breeding  places 
for  rats,  and  to  starve  them  out  by  putting  food  beyond  their 
reach. 

For  the  latter  purpose,  garbage  cans  are  required  to  be 
kept  covered,  grain  bins  lined  with  metal,  stables,  etc.,  to  be 
kept  clean. 

Rats  are  destroyed  as  far  as  possible  by  the  free  use  of 
traps  and  poisons. 
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All  piers,  docks,  and  wharves  are  required  to  be  of  con- 
crete and  iron,  or  other  approved  rat-proof  construction. 

TYPHOID  FEVER  AND  DYSENTERY. 

Typhoid  fever  and  dysentery  were  both  prevalent  on  the 
Isthmus  when  we  took  charge.  In  1907  the  admission  rate  for 
typhoid  fever  among  employees  was  14.45  per  thousand;  in 
1913,  it  was  0.67.  For  dysentery  the  admission  rate  in  1907 
was  13.33,  and  in  1913,  2.07.  The  most  important  measures  in 
the  control  of  these  diseases  have  been  furnishing  an  abundant 
supply  of  pure  water  and  protecting  food  from  infection. 

Eeservoirs  with  piped  water  were  promptly  established  all 
over  the  Isthmus,  and,  where  there  was  any  question  as  to  the 
purity  of  the  water,  distilled  water  for  drinking  purposes  was 
furnished  in  addition. 

The  Sanitary  Department  was,  until  1912,  charged  with  the 
duty  of  testing  and  making  reports  on  the  purity  of  the  water ; 
since  that  time  the  Department  of  Municipal  Engineering  has 
had  charge  of  this  work.  The  water  sheds  of  all  the  reservoirs 
are  fenced  off  and  patrolled ;  no  one  is  allowed  to  live  upon  the 
water  shed,  nor  is  any  hunting  or  other  trespass  allowed 
thereon. 

The  reservoirs  are  inspected  at  regular  intervals,  and  when 
it  becomes  necessary  to  allow  surplus  water  to  escape,  it  is 
drawn  off  near  the  bottom;  the  supply  for  distribution  being 
drawn  from  the  pure  water  near  the  surface. 

A  system  of  mechanical  filtration,  combined  with  aeration 
and  precipitation,  and  followed  by  chlorine  treatment,  is  in  use. 
Samples  of  filtered  and  of  unfiltered  water  are  examined  bac- 
teriologically  every  day,  and  a  complete  chemical,  microscopi- 
cal and  bacteriological  examination  is  made  once  a  month ;  re- 
ports of  this  examination  are  submitted  to  the  Chief  Health 
Officer  for  his  comment  before  being  sent  to  the  Governor. 

Where  distilled  water  is  used,  the  distillate  is  examined  at 
its  exit  from  the  condenser,  as  well  as  in  the  delivery  carts. 

Flies  being  regarded  as  an  important  means  of  transmission 
of  these  diseases,  every  effort  is  made  to  prevent  their  breed- 
ing and  to  destroy  them,  for  which  purpose  garbage  cans  are 
emptied  and  disinfected  daily,  and  the  contents  are  burned. 
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Stable  manure,  as  being  one  of  the  most  important  sources  of 
fly  breeding,  is  disposed  of  by  burning,  burying,  or  dumping 
at  a  sufficient  distance  from  the  community.  In  every  district 
there  is  an  improvised  crematory,  where  garbage  and  manure 
are  burned;  this  is  made  of  railroad  iron,  covered  by  a  rough 
shelter  for  protection  from  the  rain. 

All  kitchens  and  eating  places  are  carefully  screened  to 
keep  out  flies,  and  traps  are  used  for  catching  them  when  they 
get  in. 

In  all  permanent  and  semi-permanent  camps,  range  closets, 
with  water  carriage,  are  used.  In  temporary  camps  either  pit 
or  pail  closets  are  installed.  Both  these  classes  of  closets  are 
made  fly-proof  and  regularly  treated  with  crude  oil  or  larvacide 
to  destroy  any  fly  larvae  which  may  be  present. 

PNEUMONIA. 

About  a  year  and  one-half  after  the  work  on  the  Canal 
had  been  inaugurated,  pneumonia  became  very  prevalent  among 
the  negro  laborers,  and  continued  to  prevail  from  the  fall  of 
1905  until  the  fall  of  1907,  greatly  increasing  the  mortality 
among  the  employees. 

The  causes  of  this  undue  prevalence  of  pneumonia  were 
carefully  investigated  by  a  Board  appointed  for  the  purpose. 
The  Board  found  that  the  disease  was  far  more  prevalent 
among  new  arrivals  on  the  Isthmus  than  among  those  who 
had  been  there  for  some  time,  being  four  and  one-half  times  as 
frequent  among  those  who  had  been  less  than  three  months  on 
the  Isthmus,  as  among  those  who  had  been  there  more  than 
three  months.  The  Board  attributed  this  largely  to  the  fact 
that  influenza  was  prevailing  in  epidemic  form  and  new  arrivals, 
having  no  acquired  immunity  to  this  disease  or  to  pneumonia, 
promptly  fell  victims  to  it,  and  their  resisting  power  being  low, 
owing  to  their  scant  food  supply  before  they  came,  the  fatality 
rate  was  unduly  high.  The  mortality  rate  from  this  cause 
among  negro  employees  in  1906  was  19.06  per  thousand;  in 
1907,  11.00;  in  1908,  2M_ ;  and  in  1913,  1.03. 

The  sudden  fall  in  the  mortality  for  pneumonia  in  1908  is 
attributed  by  Col.  Gorgas  to  the  fact  that  in  1907  there  was  a 
radical   change  in  the  housing   conditions   among  the   negro 
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laborers ;  up  to  that  time  they  had  been  quartered  in  barracks, 
while  afterward  they  were  allowed  to  live  where  they  pleased, 
often  in  little  shacks  scattered  along  the  line.  It  was  thought 
that  these  new  conditions  operated  by  lessening  the  chance  of 
contact  infection. 

SMALL-POX. 

Small-pox  had  at  times  been  more  or  less  epidemic  among 
the  French  employees,  and  was  prevailing  on  the  Isthmus  at 
the  time  of  American  occupation.  Vaccination  was  made  com- 
pulsory, and  the  disease  soon  disappeared.  There  have  been 
no  cases  among  American  employees.  There  were  three  deaths 
from  small-pox  in  the  city  of  Colon  in  1906-1907 ;  since  then 
two  cases  have  been  reported,  but  none  have  developed  on  the 
Isthmus. 

III.     PERIOD  OF   OPERATION  OF   THE  PANAMA  CANAL. 

Various  writers  have  stated  that  when  the  Canal  was 
finished  the  organization  of  the  Sanitary  Department,  which 
had  been  so  efficient  during  the  construction  period,  was  to  be 
allowed  to  lapse,  and  that  the  Isthmus  would  be  allowed  to 
grow  up  in  jungle  and  go  back  to  the  old  conditions  existing 
during  the  French  time.  Nothing  is  further  from  the  truth. 
As  a  matter  of  fact,  there  will  be  more  cleared  area  when  the 
work  is  finished  than  there  has  ever  been;  the  troops  will 
occupy  all  the  abandoned  sites  except  those  which  have  been 
covered  by  the  deep  water  of  the  Gatun  and  Miraflores  lakes, 
and  in  addition  several  areas  which  have  never  been  occupied 
before. 

The  clearings  which  it  is  necessary  to  maintain,  to  expose 
the  field  of  fire  about  the  fortifications,  have  also  removed  ex- 
tensive mosquito  shelters  and  helped  to  dry  the  ground. 

The  Sanitary  Department,  together  with  the  rest  of  the 
organization  on  the  Isthmus,  was  re-organized  April  1,  1914, 
for  permanent  work  during  the  period  of  operation,  its  desigr 
nation  being  changed  to  Health  Department.  As  now  organ- 
ized, it  embraces  three  sections :  (1)  The  Division  of  Hospitals, 
and  Charities;  (2)  The  Division  of  Sanitation,  and  (3)  The 
Division  of  Quarantine. 
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The  Division  of  Hospitals  and  Charities. 

This  includes  the  large  general  hospital  at  Ancon,  which  is 
for  employees,  members  of  the  Army  and  Navy  and  of  the  Mer- 
chant Marine,  Canal  Zone  charity  cases,  and  such  private  patients 
as  may  apply.  It  is  so  equipped  as  to  take  care  of  any  sick  that 
may  be  left  by  ships  in  transit,  and  give  them  the  most  modern 
and  up  to  date  treatment. 

At  Colon  there  will  be  a  small  emergency  hospital,  which 
will  take  care  of  those  sick  and  injured  employees  whose  con- 
dition forbids  their  transportation  across  the  Isthmus  to  Ancon 
Hospital,  and  also  to  take  care  of  such  citizens  of  the  Republic 
of  Panama  as  reside  in  Colon  and  vicinity,  and  who  do  not 
wish  to  come  to  Ancon  Hospital. 

Santo  Tomas  Hospital,  in  the  city  of  Panama,  is  a  Pana- 
manian institution,  but  under  the  direction  of  the  Chief  Health 
Officer.  The  Panama  Canal  supplies  the  Superintendent,  two 
physicians,  and  three  nurses.  In  order  that  we  may  control 
its  policy  and  administration,  the  Junta  of  the  hospital  has, 
as  its  President,  the  Chief  Health  Officer,  and,  as  one  of  its 
members,  the  Superintendent  of  the  Hospital,  who  is  also  an 
American  official. 

The  Palo  Seco  Leper  Asylum,  which  is  located  about  five 
miles  (8  kilometers)  down  the  Bay  of  Panama,  is  an  American 
institution,  which  cares  for  all  lepers,  including  those  of  the 
Republic  of  Panama,  the  latter  being  paid  for  by  the  Panama 
Government  at  a  fixed  rate. 

The  insane  of  the  Republic  of  Panama  are  cared  for  in  the 
same  way,  in  the  insane  department  of  Ancon  Hospital.  Those 
insane  males,  whose  condition  permits,  form  a  colony  at  the 
Corozal  farm,  where  they  do  much  valuable  work  with  great 
benefit  to  themselves.  It  is  intended,  as  soon  as  practicable, 
to  remove  the  entire  department  to  the  farm,  where  the  "open 
door"  method  of  handling  the  insane  will  be  put  in  practice. 

The  farm,  which  is  for  the  purpose  of  taking  care  of  per- 
manently disabled  employees  of  the  Panama  Railroad  and 
Panama  Canal,  is  located  at  Corozal.  Here  this  class  of  pa- 
tients are  permanently  cared  for  and  given  such  employment 
as  their  condition  permits,  and  remunerated  therefor. 

Besides  the  hospitals  there  will  be  three  or  more  perman- 
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ent  dispensaries  where  emergency  treatment  and  home  visits 

will  be  made  by  the  District  Physician  in  charge.    These  will 

be   located    at   Gatun,    Pedro   Miguel,   Balboa,    and   possibly 

elsewhere. 

Division  of  Sanitation. 

This  division  includes  the  Health  Offices  of  Panama  and 
Colon,  and  the  Canal  Zone  Sanitary  Division.  The  Health  Offi- 
cers of  Panama  and  Colon  have  charge  of  street  cleaning  and 
garbage  removal  in  those  cities,  besides  the  ordinary  duties  of 
health  officers. 

The  Division  of  Zone  Sanitation  will  include  the  districts 
of  Gatun,  Pedro  Miguel,  Ancon,  and  Balboa.  The  only  dif- 
ference in  the  character  of  work  done  in  these  districts  in  the 
future  as  compared  with  that  done  in  the  past  will  be  that  all 
future  work  will  be  of  a  permanent  nature,  so  that  the  cost 
of  maintenance  will  probably  be  greatly  reduced.  There  will, 
however,  be  no  let-up  in  the  thoroughness  of  the  measures  un- 
dertaken to  prevent  disease. 
Division  of  Quarantine. 

The  duties  and  responsibilities  of  this  division  are  expected 
to  increase  greatly  with  the  increase  of  commerce  through  the 
Canal.  The  passage  of  ships  through  "in  quarantine"  will  in- 
troduce a  new  feature,  which  has  been  carefully  provided  for. 

IV.     COST  OF  SANITATION. 

It  is  important  that  the  cost  of  the  Sanitary  work  done  on 
the  Isthmus,  and  by  which  it  has  been  made  healthful,  should 
be  accurately  determined,  because  if  it  can  be  shown  that  such 
cost  was  reasonable,  and  not  beyond  the  ability  of  the  ordinary 
tropical  government,  then  other  countries  in  the  tropical  zone 
can  be  made  equally  healthful,  and  their  responsible  officials 
will  be  encouraged  to  do  so. 

At  the  beginning  it  is  necessary  that  a  clear  distinction 
should  be  made  between  the  "cost  of  the  Sanitary  Depart- 
ment", and  the  "cost  of  sanitation" — two  quite  different  items. 

The  scope  of  the  work  done  by  the  Sanitary  Department 
on  the  Isthmus  includes  many  things  not  included  under  sani- 
tation or  preventive  medicine  elsewhere. 
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More  than  half  the  cost  for  the  Sanitary  Department  was 
due  to  the  system  of  hospitals  which  take  care  of  the  sick; 
other  large  items  were:  street  cleaning  and  garbage  removal; 
the  quarantine  service;  pay  of  all  physicians  on  the  Isthmus; 
pay  of  the  chaplains ;  the  water  and  sewer  systems  of  Panama 
and  Colon;  the  pay  of  embalmers,  etc. 

Col.  Gorgas,  the  Chief  Sanitary  Officer,  has  stated  that  the 
cost  of  "sanitation  proper"  was  about  one  cent  per  capita  per 
day,  for  the  total  population,  and  that  when  the  Canal  is  finished 
the  cost  of  sanitation  proper  will  have  been  about  $4,000,000, 
or  about  $400,000  per  annum — one  percent  of  the  total  cost  of 
the  Canal  works.  (7) 

Mr.  Bishop,  Secretary  of  the  Isthmian  Canal  Commission, 
has  shown  in  his  book  that  the  total  cost  of  the  "Sanitary  De- 
partment" when  the  Canal  shall  have  been  completed,  will  be 
about  $20,000,000,  including  two  and  one-half  million  dollars 
spent  for  sewers  and  water  works,  and  in  addition  the  usual 
overhead  charges;  he  estimates  that  the  cost  of  "sanitation 
proper"  will  have  been  about  $6,000,000,  or  about  fifty  percent 
greater  than  the  amount  estimated  by  Col.  Gorgas,  the  Chief 
Sanitary  Officer.  (8) 

The  difference  in  these  two  estimates  appears  to  be  due  to 
a  difference  of  opinion  as  to  what  items  should  be  included  in 
"sanitation  proper". 

V.     RESULTS. 

The  results  obtained  by  these  expenditures  have  already 
been  shown  in  other  pages.  Tropical  diseases  and  some  of  the 
other  specific  diseases  have  been  practically  eliminated,  and  our 
sickness  and  mortality  rates  compare  favorably  with  those  of 
healthful  communities  in  the  temperate  zone. 

Col.  Gorgas  believes  that  there  is  nothing  inherently  un- 
healthful  in  life  in  the  tropics,  and  that  the  results  obtained  in 
Panama  demonstrate  that  the  Caucasian  race,  under  proper 
conditions,  can  live  and  work  in  the  tropics  as  well  as  in  the 
temperate  zone,  and  that  they  can  obtain  greater  results  with 
the  same  expenditure  of  labor.  He  foresees  the  growth  of  im- 
portant communities  in  the  tropical  areas. 

While  I  believe  that  what  has  been  done  in  Panama  can 
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be  done  anywhere  else  in  the  tropics,  with  the  same  expert 
supervision  and  an  equal  expenditure  of  money,  I  cannot  agree 
with  Col.  Gorgas  that  the  tropics  will  ever  be  a  suitable,  per- 
manent dwelling  place  for  the  Caucasian  race. 

In  my  opinion,  even  after  diseases  considered  more  or  less 
peculiar  to  these  regions  have  been  eliminated,  the  effect  of 
constant  heat  and  moisture,  without  change  of  season,  is  to 
induce  a  condition  of  nervous  and  physical  depression  which 
cannot  be  overlooked.  Some  few  people  apparently  escape 
these  injurious  effects  for  long  periods  of  time,  but  the  great 
majority  do  not. 

"What  will  be  the  result  in  the  second  or  third  generation, 
upon  Caucasians  living  as  we  are  doing  in  Panama,  it  is  im- 
possible to  foretell,  as  like  conditions  have  never  been  obtained 
before.  The  experiences  in  India  and  in  other  tropical  coun- 
tries, of  what  seem  to  be  the  effects  of  heat  and  moisture, 
per  se  are,  however,  against  Col.  Gorgas'  conclusion. 
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In  some  popular  writings  it  has  been  claimed,  and  it  is  a 
very  general  impression,  that  the  municipal  engineering  work 
done  on  the  Isthmus  was  inaugurated  at  the  suggestion  and 
carried  out  under  the  direction  of  the  head  of  the  sanitary- 
department.  This  is  not  the  fact.  Reference  to  the  original 
estimate  of  the  Isthmian  Canal  Commission  in  its  report  of 
1901  will  show  that  there  is  therein  included  an  allowance  of 
20  percent  in  the  cost  of  the  Canal  for  "engineering,  police, 
sanitation  and  general  contingencies".  For  the  purpose  of 
comparing  the  Nicaragua  and  Panama  routes  the  same  per- 
centage to  cover  these  items  was  used  on  both  estimates.  It 
was  considered  that  while  there  were  apparently  fewer  engi- 
neering uncertainties  at  Panama,  due  to  the  large  amount  of 
work  already  performed  by  the  French  Company  and  that  in 
consequence  various  exigencies  which  increase  cost  would  be 
greater  in  Nicaragua  with  its  increased  length  of  route  and 
untried  features — all  this  would  be  offset  by  the  more  danger- 
ous health  risks  at  Panama  on  account  of  the  larger  popula- 
tion and  the  almost  continual  presence  of  yellow  fever.  It  was 
therefore  rightly  assumed  that  a  larger  relative  amount  would 
have  to  be  spent  at  Panama  in  order  to  preserve  health 
conditions. 

The  Act  of  Congress  authorizing  the  Isthmian  Canal  was 
approved  June  28,  1902,  empowering  the  President  to  make  all 
necessary  arrangements  with  the  Republics  of  Colombia,  Nic- 
aragua and  Costa  Rica  for  the  acquiring  of  territory  for  canal 
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construction  for  whichever  route  should  be  adopted.  Article 
7  of  the  treaty  finally  ratified  between  the  Kepublic  of  Panama 
and  the  United  States  under  date  of  February  23,  1904,  con- 
tained the  following  provision:  "The  Republic  of  Panama 
grants  to  the  United  States,  within  the  limits  of  Panama  and 
Colon  *  *  *  the  right  to  acquire  by  purchase  or  by  the 
exercise  of  right  of  eminent  domain,  any  lands,  buildings, 
water  rights  or  other  properties  necessary  and  convenient  for 
the  construction,  maintenance,  operation  and  protection  of  the 
canal,  and  of  any  works  of  sanitation  such  as  the  collection  and 
disposition  of  sewage  and  the  distribution  of  water  in  the  said 
cities  of  Panama  and  Colon,  which,  in  the  discretion  of  the 
United  States  may  be  necessary  and  convenient  for  the  con- 
struction, maintenance,  operation,  sanitation  and  protection  of 
the  said  canal  and  railroad.  All  such  works  of  sanitation,  col- 
lection and  disposition  of  sewage  and  distribution  of  water  in 
the  cities  of  Panama  and  Colon  shall  be  made  at  the  expense 
of  the  United  States,  and  the  Government  of  the  United  States, 
its  agents  or  nominees  shall  be  authorized  to  impose  and  collect 
water  rates  and  sewerage  rates  which  shall  be  sufficient  to  pro- 
vide for  the  payment  of  interest  and  the  amortization  of  the 
principal  of  the  cost  of  said  works  within  a  period  of  fifty 
years  and  upon  the  expiration  of  said  term  of  fifty  years  the 
system  of  sewers  and  water  works  shall  revert  to  and  become 
the  properties  of  the  cities  of  Panama  and  Colon,  respectively, 
and  the  use  of  the  water  shall  be  free  to  the  inhabitants  of 
Panama  and  Colon,  except  to  the  extent  that  water  rates  may 
be  necessary  for  the  operation  and  maintenance  of  said  system 
of  sewers  and  water". 

Immediately  upon  the  ratification  of  this  treaty  the  Presi- 
dent appointed  the  second  Isthmian  Canal  Commission,  which 
made  a  preliminary  investigation  of  conditions  on  the  Isthmus 
in  April,  1904,  previous  to  the  final  transfer  of  the  properties  of 
the  French  canal  company  to  the  United  States.  As  a  result 
of  these  preliminary  studies  and  conforming  to  the  implied 
intentions  of  the  treaty,  it  was  determined  by  the  Commission 
to  undertake  complete  municipal  improvements  in  the  cities 
of  Colon  and  Panama,  as  well  as  in  the  smaller  towns  of  the 
Canal  Zone  as  works  of  necessity  for  the  preservation  of  proper 
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.  sanitary  conditions ;  while  at  the  same  time  in  order  to  protect 
the  health  of  the  employes  of  the  Commission  and  of  the  inhabi- 
tants of  the  Canal  Zone  by  the  elimination  of  the  epidemic 
diseases  constantly  prevalent  on  the  Isthmus  and  by  the  estab- 
lishment and  maintenance  of  proper  sanitary  conditions  from 
a  health  standpoint,  the  Department  of  Health  was  organized 
under  a  chief  sanitary  officer  whose  duty  included  the  main- 
tenance of  a  proper  quarantine  to  prevent  the  entrance  to  the 
Canal  Zone  of  disease,  the  establishment  and  operation  of  hos- 
pitals for  the  treatment  of  the  sick,  the  necessary  work  of 
cleaning  to  eliminate  disease-spreading  conditions  in  the  exist- 
ing settlements,  as  well  as  the  isolation  and  eventual  eradica- 
tion of  such  epidemic  conditions  as  then  existed. 

It  was  recognized  that  this  sanitary  work  would  be  facili- 
tated and  in  many  cases  rendered  possible  only  by  the  existence 
of  a  proper  water  supply  and  system  of  sewers,  as  well  as  the 
establishment  of  roads  for  proper  means  of  communication 
between  the  settlements,  and  practically  the  first  work  of  the 
first  chief  engineer,  Mr.  John  P.  "Wallace,  when  he  arrived  on 
the  Isthmus  in  June,  1904,  was  to  make  an  investigation  for  a 
feasible  water  supply  for  the  city  of  Panama.  A  party  of  engi- 
neers organized  for  carrying  on  this  work  and  appointed  by 
the  Engineering  Committee  of  the  Commission  reported  for 
duty  on  the  Isthmus  shortly  after  the  arrival  of  Mr.  Wallace 
and  entered  upon  the  active  work  of  planning  and  constructing 
the  necessary  municipal  improvements.  At  this  time  the  prin- 
cipal population  on  the  Canal  Zone  was  in  the  city  of  Panama, 
containing  nearly  20,000  inhabitants.  Colon  at  the  Caribbean 
end  of  the  Canal  had  a  population  of  possibly  half  that  num- 
ber; while  along  the  Panama  Railroad  and  the  canal  location  as 
started  by  the  French  company  were  many  small  towns  con- 
taining a  few  hundred  inhabitants  each,  many  of  them  occupy- 
ing buildings  abandoned  by  the  French  contractors.  Sanitary 
conditions  in  all  these  settlements  were  bad  judged  by  modern 
standards. 

The  most  vital  necessity  of  any  community,  a  water  supply, 
was  in  all  eases  inadequately  provided.  Wells  or  running 
streams  adjacent  to  settlements  were  the  principal  sources  of 
water  supply,  supplemented  during  the  season  of  dry  weather, 
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which  there  lasts  from  the  end  of  December  to  the  latter  part  of 
March,  by  water  collected  from  the  roofs  of  buildings  and 
stored  in  cisterns.  Some  attempt  had  been  made  to  remedy 
this  condition  in  the  principal  French  camps  where  a  few 
pumping  plants  were  used  for  filling  tanks  of  limited  size  from 
which  the  water  was  distributed  by  small  antiquated  pipe  sys- 
tems to  a  few  important  dwellings.  In  any  extensive  period  of 
drought  the  wells  and  cisterns  of  Panama  were  inadequate  and 
were  supplemented  by  water  collected  from  wells  outside  the 
city  and  peddled  from  small  carts  through  the  streets. 

The  situation  of  Colon  was  even  more  unsatisfactory  and 
water  had  to  be  brought  in  during  the  dry  season  in  tank  cars, 
for  the  use  of  the  employes  of  the  Panama  Railroad,  who  formed 
the  principal  white  population.  For  Panama  City  a  system  of 
water  supply  from  the  Juan  Diaz  River,  distant  about  ten  miles 
to  the  eastward,  had  been  contemplated  by  the  local  authori- 
ties. This  would  have  furnished  a  constant  supply  even  in  dry 
weather,  but  the  scheme  was  never  carried  out  on  account  of 
the  prohibitive  expense. 

Due  to  the  discoveries  made  subsequent  to  the  Spanish 
War  in  the  city  of  Havana  as  to  the  true  source  of  the  propaga- 
tion of  tropical  fevers,  the  eradication  of  mosquitoes  around 
settlements  was  necessary.  It  was  seen  immediately  by  the 
medical  men  that  the  task  of  eliminating  them  from  Panama 
City  would  be  hopeless  as  long  as  rain  water  leaders,  cisterns, 
wells  and  other  possible  water-containers  were  necessary  fea- 
tures, and  the  installation  of  a  system  of  water  supply  and 
sewerage,  which  had  been  originally  contemplated  for  its  con- 
venience to  a  large  population,  was  recognized  as  the  only  pos- 
sible means  to  render  the  conquering  of  malaria  and  yellow 
fever  feasible. 

Panama  City  had  been  the  headquarters  of  the  French 
company.  It  was  the  capital  of  the  new  republic  and  in  its 
vicinity  was  a  large  hospital  with  many  buildings  still  in  a 
good  state  of  preservation  which  had  been  constructed  under 
French  management.  As  the  only  habitable  headquarters  for 
the  commencement  of  work,  it  was  considered  of  the  utmost 
importance  to  start  sanitary  improvements  here.  The  principal 
energies  of  the  Commission  the  first  year  of  the  improvement 
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work  were  directed  toward  the  sanitation  of  Panama ;  although, 
at  the  same  time,  investigations  were  started  for  sources  of 
water  supply  for  Colon  and  smaller  towns,  and  minor  improve- 
ments to  their  water  supply  were  made.  A  description,  how- 
ever, of  the  work  in  Panama  will  outline  the  most  important 
accomplishments  in  this  line  and  will  give  a  general  idea  of 
what  was  done  during  the  first  three  years,  which  were  largely 
devoted  to  organization,  the  assembling  of  plant,  studying  of 
final  plans  and  establishing  fit  living  conditions  for  the  large 
organization  which  was,  at  the  end  of  that  time,  prepared  to 
undertake,  on  a  large  and  definite  scale,  the  carrying  to  com- 
pletion of  the  great  task  of  constructing  the  Canal. 

The  principal  construction  work  accomplished  by  the 
French  company  had  been  the  excavation  of  Culebra,  and  it 
was  in  the  vicinity  of  this  point  that  its  main  settlements  and 
working  plant  had  been  assembled.  Part  of  this  method  of 
procedure  had  involved  the  commencement  of  under-water 
dredging,  at  the  earliest  possible  moment  after  dry  excavation 
had  been  inaugurated,  by  the  construction  of  small  basins 
artificially  supplied  with  water,  in  which  ladder  dredges  could 
be  floated,  designed  eventually  to  dig  down  to  sea-level.  To 
secure  water  supply  for  this  and  other  purposes  in  the  vicinity 
of  Culebra,  a  dam  had  been  built  on  a  small  stream  known 
locally  as  the  Rio  Grande,  near  where  it  was  crossed  by  the 
Panama  Eailroad,  and  this  water  was  used  for  machinery  sup- 
ply as  well  as  for  household  purposes  in  neighboring  encamp- 
ments. This  early  presented  itself  as  a  very  obvious  solution 
for  a  source  of  water  supply  for  the  City  of  Panama,  and 
attracted  Mr.  Wallace's  favorable  notice,  rather  than  the  alter- 
native idea,  urged  by  citizens  of  Panama  with  private  interests 
to  serve,  of  the  use  of  the  Juan  Diaz  River ;  because,  while  the 
latter  was  situated  at  a  distance  of  ten  miles  away  from  the 
Canal  line,  the  Rio  Grande  supply  was  not  only  within  the 
Canal  Zone  but  immediately  adjacent  to  the  line  of  the  Canal 
near  its  highest  point,  and  could  be  used  to  furnish  water,  not 
only  for  Panama  City  proper,  but  for  all  towns  on  the  southern 
slope  of  the  divide,  or  nearly  one-third  the  Canal  route. 

The  first  work,  therefore,  of  the  Municipal  Engineering 
Division    after   its   organization   under   two   residencies,    one 
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charged  with  the  Pacific  and  the  other  with  the  Caribbean  end 
of  the  work,  was  to  make  a  rapid  survey  and  estimate  for  the 
immediate  supplying  of  water  to  the  city  of  Panama  from  the 
Rio  Grande  reservoir,  a  bacteriological  and  chemical  examina- 
tion by  the  Sanitary  Department  having  shown  it  to  be  an 
entirely  proper  source  for  potable  water.  The  first  party,  the 
nucleus  of  the  organization  subsequently  developed  into  the 
Municipal  Engineering  Division  of  the  Isthmian  Canal  Com- 
mission, arrived  on  the  Isthmus  July  19,  1904.  On  August  6  a 
report  was  in  the  hands  of  the  Chief  Engineer  of  the  Commis- 
sion, recommending  a  water  supply  system  consisting  of,  first, 
a  storage  reservoir  on  the  Rio  Grande;  second,  a  16-in.  supply 
line  extending  from  this  reservoir  to;  third,  a  distributing 
reservoir  at  Ancon ;  and,  fourth,  a  distributing  system  of  pipes 
throughout  the  city  of  Panama;  the  entire  supply  to  be  by 
gravity  at  an  estimated  cost  of  $440,000. 

Simultaneously  with  the  making  of  these  surveys,  but 
requiring  more  time  before  their  completion,  detailed  surveys 
and  studies  of  the  city  of  Panama  were  made  for  a  sewerage 
system,  and  on  August  26  a  report  with  estimate  and  recom- 
mendations was  ready  for  action.  The  question  of  disposal 
was  comparatively  simple.  The  extreme  tidal  range  in  the 
Bay  of  Panama  varies  from  14  to  20  feet.  The  city  as  it  was 
rebuilt  in  1673,  after  its  destruction  by  the  Buccaneers,  occupies 
a  site  on  a  peninsula  five  miles  to  the  westward  of  the  original 
location,  laid  out  on  what  was  then  a  massive  scale  surrounded 
by  a  masonry  wall,  with  streets  on  a  generally  rectangular  sys- 
tem, but  usually  narrow,  the  width  varying  from  20  to  60  feet. 
The  blocks  were  solidly  built  up,  after  the  usual  Spanish  sys- 
tem, having  masonry  buildings  two  or  three  stories  in  height  with 
interior  courts,  narrow  sidewalks — usually  not  over  three  feet 
in  width — adjacent  to  the  buildings,  which  are  overhung  by 
balconies  and,  between  the  curbs,  the  streets  were  as  usual 
paved  with  small  cobbles  obtained  from  neighboring  streams. 
Like  all  Spanish-American  cities,  the  sidewalk  widths  and 
heights  were  largely  a  matter  of  individual  choice,  so  that 
continuous  travel  along  the  sidewalk  was  frequently  impos- 
sible or,  at  best,  required  frequent  ascent  and  descent.  The 
stone  pavements,  while  rough,  were  laid  to  a  generally  even 
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surface  and  served  fairly  well  for  more  than  200  years  to  carry 
all  the  traffic  that  came  on  them,  which  consisted  largely  of 
two-wheeled  carts  and  light  carriages.  Such  sewers  as  existed 
were  rectangular  stone  drains  discharging  at  the  foot  of  each 
street  through  the  wall. 


Tig.  1.  An  Old  Panama  Street  After  Water-Main  Had  Been  Laid  on  Left.  Most 
published  views  snowing  Panama  streets  "before  paving"  were  taken  after 
settlement  of  sewer  backfill  in  the  rainy  season. 

Outside  of  the  city  wall,  to  which  the  water  came  at  high 
tide,  the  beach,  rocky  in  some  places,  sandy  in  others,  extended 
for  a  distance  varying  from  a  few  hundred  feet  to  half  a  mile 
to  extreme  low  water  mark.  It  was  seen  that,  while  no  nuisance 
would  be  occasioned  to  the  city  by  the  discharge  of  sewage  into 
the  bay  with  its  strong  tidal  currents,  it  would  be  necessary 


Digitized  by  Microsoft® 


124 


PRELIMINARY  MUNICIPAL  ENGINEERING 


to  place  the  outlets  at  low  water  mark  to  avoid  any  pollution  of 
the  beaches,  and  it  therefore  became  requisite  to  find  suitable 
points  for  outfalls,  the  location  being  governed,  both  by  the 
drainage  area  to  be  served,  and  the  possibilites  of  constructing 
an  outfall  sewer  in  a  permanent  manner,  across  the  strip  of  terri- 
tory exposed  at  low  water.  Inspection  of  the  map,  and  of  physi- 
cal conditions  at  low  water  mark,  showed  three  points  where  high 


Fig.  2.     Western  Outfall  at  Half  Tide. 

and  low  water  marks  were  reasonably  near  together,  while  the 
shape  of  the  city  rendered  its  division  into  three  drainage  areas 
most  suitable.  The  first  of  these  was  the  main  body  of  the 
peninsula  proper,  or  the  easterly  portion  of  the  city,  inside  the 
old  walls,  which  could  conveniently  be  drained  into  an  outfall 
which  would  lead  to  low  water  mark,  at  a  distance  of  only  five 
or  six  hundred  feet  east  of  the  main  fortification  lying  along 
the  easterly  sea  wall;  while  the  other  two  districts  comprised, 
respectively,  those  portions  of  the  city  which  had  grown  up  out- 
side the  old  walled  town  to  the  east,  and  to  the  southwest,  the 
former  draining  into  the  bay  at  a  point  along  the  beach  where 
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it  was  reasonably  steep,  about  half  a  mile  northeast  from  the 
Panama  Railroad  terminus,  and  the  other  having  a  natural 
approach  to  low  water  near  a  little  island  close  to  the  Zone 
line,  and  immediately  south  of  Ancon  Hill.  These  points  being 
decided  upon,  and  a  line  of  intercepting  sewers  reaching  to 
each  outfall  being  laid  out  at  the  maximum  available  grade, 
the  remaining  task  consisted  of  planning  a  series  of  sewers  in 


Fig.  3.  A  Sanitary  Ditch  Several  Times  Too  Large.  It  was  built  without  engineer- 
ing supervision  and  was  too  high  to  drain  the  adjacent  ground.  Finally  covered 
with  reinforced  concrete  by  the  Municipal  Engineering  Division  and  field  graded 
to  a  higher  level.  This  drainage  work  was  started  by  inexpert  assistants  of  the 
hospital  force. 

the  three   districts  named,  which  would  reach  these  inter- 
cepted with  a  minimum  size  and  quantity  of  pipe. 

With  the  grades  prevalent  in  the  city,  sewers  designed 
simply  to  carry  off  the  house  drainage  would  not  exceed  8  to 
12  inches  in  diameter,  assuming  a  discharge  of  60  gallons  per 
head  per  day,  with  one-half  the  total  entering  the  sewers  in  a 
period  of  seven  hours.  There  were,  in  the  principal  streets,  old 
stone  drains  of  rectangular  cross-section,  discharging  directly 
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upon  the  beach,  and  connected  with  a  few  of  the  houses  in  which 
some  attempt  had  been  made  to  install  more  or  less  primitive 
plumbing.  They  were  all  in  an  unsanitary  condition,  and  it, 
was  decided  that  they  should  not  form  any  part  of  the  new 
system. 

The  question  had  to  be  considered  whether  there  should 
be  any  provision  made  for  the  discharge  of  storm  water,  which 
at  the  time  was  carried  off  entirely  upon  the  surface  of  the 
streets.  Like  all  tropical  places  Panama  is  subject  to  torrential 
rainfall  at  times,  also  to  long  periods  of  drought.  It  was  not 
desirable  to  construct  sewers  of  a  size  adequate  to  take  off  the 
maximum  rainfall,  which  has  been  known  to  amount  to  as  much 
as  an  inch  in  ten  minutes,  necessitating  excessively  large  sewers, 
which  would  be  practically  dry  for  a  large  portion  of  the  time. 
On  the  other  hand,  due  to  the  desire  to  eliminate  all  standing 
water  to  the  greatest  possible  extent,  it  had  been  decided  to 
pave  the  streets  subsequent  to  the  completion  of  the  laying  of  the 
water  and  sewer  mains,  and  to  cement  to  the  greatest  extent 
all  walks  and  yards,  rendering  it  necessary  that  the  streets  take 
care  of  practically  all  rainfall  without  extensive  absorption. 

After  considerable  discussion  a  compromise  policy  was 
adopted.  It  was  decided  to  construct  the  sewers  in  the  cen- 
tral portion  of  the  city,  comprising  mainly  those  in  the  first 
drainage  district,  on  a  combined  plan  having  a  capacity  for  an 
estimated  runoff  over  the  entire  area  of  2  inches  per  hour,  with 
the  exception  of  those  streets  within  one  block  of  the  sea  wall 
where  all  water  would  be  allowed  to  run  off  on  the  surface. 
The  buildings  had  no  cellars  to  be  flooded,  and  as  all  plumbing 
was  necessarily  at  the  street  level  or  above,  occasional  backing 
up  of  storm  water  in  the  house  connections,  due  to  a  greater 
runoff  than  the  sewers  could  immediately  discharge,  would  not 
cause  any  serious  inconvenience.  In  view  of  the  fact  that  a 
combined  system  was  very  much  less  expensive  than  a  separate 
system  and  that  the  narrow  streets  made  it  inexpedient  to  lay 
duplicate  lines  of  pipe,  this  plan  was  thought  to  be  more  desir- 
able from  all  points  of  view,  and  subsequent  experience  justi- 
fied it. 

No  provision  was  made  in  the  intercepting  sewers  for 
carrying  storm  water  to  the  outlets,  and  storm  overflows  were 
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planned  and  placed  at  the  junction  of  the  main  intercepters 
with  the  outfalls,  so  that  all  excess  drainage  was  carried  directly 
through  short  lines  to  the  sea  wall,  and  discharged  on  to  the 
beach.  It  was  considered  that  the  small  volume  of  house  drain- 
age, diluted  in  the  total  amount  of  rainfall,  and  discharged 
under  these  temporary  storm  conditions,  would  be  entirely 
inoffensive. 

For  those  portions  of  the  second  and  third  districts  dis- 
tant from  the  water  front,  provision  was  also  made  for  a  cer- 
tain amount  of  storm  water,  but  only  one-half  as  much  was 
taken  care  of  in  these  regions,  as  that  portion  of  the  city  out- 
side the  old  wall  was  very  much  less  solidly  built  up,  and 
the  streets  were  somewhat  wider  and  less  congested.  In  all 
outlying  portions  of  the  city  the  separate  plan  was  absolutely 
adopted  and  storm  water  sewers  designed  where  necessary  to 
take  care  of  existing  water  courses.  The  estimated  cost  of 
sewerage  system  was  $257,000. 

The  plans  as  adopted  and  built  included  the  following  prin- 
cipal items : 

Water  Works. 
Dam  and  Storage  Reservoir  at  Eio  Grande.    Max.  Storage  Capacity, 
400,000,000  gal. 

Supply  Line  Eio  Grande  to  Ancon. 

Galvanized  Wrought  Iron  Pipe. 
Size  Total  length 

Inches  Feet 

20 4,000.0 

Cast  Iron  Pipe. 

16 46,000.0 

Distributing  Reservoir  at  Ancon.    Capacity  1,000,000  gal. 

Panama  City  Distributing  System. 
Cast  Iron  Pipe. 
Size  Total  length 

Inches  Feet 

4 8,804.1 

6 '40,552.3 

8 6,058.3 

10 1,444.5 

12 1,443.5 

16 1,235.0 

20 2,060.0 

Total  length 61,597.6 
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House.  Connections  2,093 

Meters  1,048 

Water  Cranes 7 

Public  Taps  35 

Fire  Hydrants  133 

The  design  was  based  on  an  estimated  maximum  supply  of 
60  gals,  per  head  per  day  for  30,000  population.  Half  this 
amount  was  adequate  during  the  first  three  years. 

Sewers. 
Vitrified  Sewer  Pipe. 
Size  Total  length 

Inches  Feet 

6 2,200.0 

8 36,004.0 

12 16,263.8 

15 5,490.9 

16 127.0 

18 5,165.2 

24 580.6 

Total  length  65,831.5 

Concrete  Storm  Sewers. 

24 432.2 

30 545.0 

36 1,119.0 

Total  length 2,096.2 

Manholes  261 

Catch-Basins  227 

Immediately  upon  the  adoption  by  the  Commission  of  the 
plans  for  water  supply,  requisition  was  prepared  for  the  neces- 
sary materials  and  sent  to  the  purchasing  agent  of  the  Com- 
mission at  Washington,  and  the  same  procedure  was  followed 
on  the  adoption  of  the  sewer  plans  a  few  weeks  later.  The 
specifications  for  the  materials  needed  were  necessarily  hastily 
prepared,  but  followed  the  standard  practice  prevalent  in  the 
United  States  in  a  general  way,  and  it  was  with  surprise  learned 
by  those  on  the  Isthmus  somewhat  later  that  serious  delays  in 
the  procuring  of  the  water  pipe,  which  was  the  first  article 
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Plate  I.     Layout  of  Sewer  System  for  Panama  and  Ancon,  1906. 


Plat*  II.     Plan   Showing  Location  of  Reservoirs  and  Water  Supply  Line. 
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needed  for  the  quick  settlement  of  the  water  famine  problem  for 
the  ensuing  year,  were  caused  by  academic  debates  on  the  part 
of  certain  authorities  as  to  whether  Pacific  coast  specifications 
were  inferior  to  those  of  New  England. 

On  August  15,  1904,  the  first  construction  work  was  started 
on  the  proposed  municipal  improvements  for  the  city  of 
Panama.  A  gang  of  laborers  was  set  to  work  clearing  the  reser- 
voir site,  and  the  work  of  raising  the  dam  under  the  railroad 


Fig.    4.     Rio    Grande   Dam.     Low  water,    with    temporary   pumping  installation   to 
raise  water  into  gate  chamber  because  of  blocked  lower  valve. 

bridge  commenced  at  the  same  time,  followed  shortly  after, 
and  as  soon  as  word  had  been  received  that  pipe  was  ordered 
and  on  the  way,  by  the  clearing  and  commencing  of  trenching 
for  the  main  supply  line  from  the  dam  to  Panama.  All  pre- 
liminary construction  was  undertaken  with  such  laborers  as 
could  be  recruited  from  the  local  supply  not  engaged  on  actual 
canal  work,  and  with  such  tools  and  materials  as  could  be 
picked  up  from  the  old  French  stock,  or  from  the  small  supplies 
sent  from  the  United  States.  As  the  dam  to  be  raised  was  imme- 
diately under  the  railroad  bridge,  it  was  easy  to  utilize  the  lat- 


Digitized  by  Microsoft® 


130 


PRELIMINARY  MUNICIPAL  ENGINEERING 


ter  by  attaching  brackets  at  one  side  for  the  construction  of  a 
working  platform  and  gravity  mixer.  Materials  were  unloaded 
from  a  railroad  spur  at  one  end  of  the  bridge  and  stored  imme- 
diately alongside,  and  from  this  conveyed  by  small  Decauville 
cars  on  portable  tracks  (a  large  stock  of  which  was  to  be  found 
at  all  points  along  the  old  French  canal  line)  to  and  across  the 
bridge.  A  gravity  concrete  mixer  of  the  Haines  type  was 
improvised  from  two  Decauville  car  bodies  placed  so  as  to  form 


Fig.  5.     16-inch  Cast  Iron  Pipe  Supply  Line.     A  Stream  Crossing. 

buckets,  one  above  the  other,  with  movable  gates  in  the  bottom, 
the  entire  apparatus  having  been  made  in  the  Panama  Rail- 
road shops  from  old  French  scrap  material.  In  this  way  con- 
crete was  deposited  by  gravity  to  form  the  raised  portion  of 
the  dam,  including  a  large  combined  gate  chamber  and  buttress 
on  its  downstream  face,  so  built  as  to  furnish  additional 
stability. 

The  old  dam  was  of  the  arch  type  and,  as  reconstructed, 
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theoretically  unstable,  if  supported  by  gravity  alone,  but  its 
wings  rested  on  solid  rock  and  the  combined  buttress  and  gate 
chamber  provided  additional  strength.     The  only   absolutely 


Fig.  6.     Supply  Line.     The  20-inch  Galvanized  Wrought  Iron  Section  Made  of  Old 

French  Pipe. 

new  materials  required  were  sluice  gates  and  valves,  and  even 
here  use  was  in  part  made  of  some  old  French  valves. 

By  the  time   conditions  were  in  readiness  for  the   com- 
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mencement  of  laying  the  main  .pipe  line  from  the  dam  to 
Panama,  no  material  had  been  received  on  the  Isthmus,  and, 
as  it  was  inadvisable  during  the  rainy  season  to  leave  trenches 
standing  open  for  any  considerable  length  of  time,  some  means 
had  to  be  taken  to  secure  a  substitute  for  the  delayed  material. 
There  was  found  in  the  French  storehouses  and  at  other  points 
on  the  line  a  large  amount  of  galvanized  riveted  wrought-iron 
pipe  of  approximately  20  inches  diameter,  which  had  been  sup- 
plied originally  for  use  with  hydraulic  dredges,  and  part  of 
which  had  been  laid  from  the  dam  to  the  Culebra  Cut  for  the 
purpose  of  temporary  water  supply.  This  pipe  was  relaid  begin- 
ning at  the  dam  for  a  distance  of  nearly  4000  feet.  It  was  in 
16-ft.  sections  with  flanged  ends  composed  of  single  riveted 
cylinders  with  in  and  out  joints,  the  metal  having  a  thickness 
of  Yg  of  an  inch.  It  was  connected  by  bolting  the  flanges 
through  rubber  gaskets  to  insure  tightness,  and,  as  a  precaution 
against  damage  after  having  been  laid,  was  surrounded  with 
approximately  6  inches  of  concrete. 

It  was  necessary  at  various  points  to  carry  the  pipe  line 
across  small  valleys  or  over  culverts  and  bridges  on  the  rail- 
road. These  crossings  were  generally  made  by  trussing  the 
pipe  with  iron  rods  and  supporting  the  trusses,  either  on  the 
bridge  abutments  or  intermediate  trestle  bents.  In  the  case  of 
the  longest  trestle  where  the  Panama  Railroad  crossed  the  old 
canal  line,  it  was  supported  on  auxiliary  bents  alongside. 

Shortly  after  commencing  work  on  the  dam  and  supply 
line,  a  small  force  was  organized  for  the  construction  of  the 
Ancon  storage  reservoir.  This  was  a  concrete  basin  with  a 
capacity  of  1,000,000  gal.  divided  in  two  parts  by  a  center  wall. 
The  reservoir  was  situated  at  the  summit  of  a  small  hill  adja- 
cent to  the  hospital  grounds,  selected  principally  because  it  had 
such  an  elevation  that  the  reservoir,  when  constructed  for  about 
one-half  its  depth  in  excavation,  would  be  at  the  proper  eleva- 
tion for  the  hydraulic  gradient.  This  excavation  was  carried 
on  during  the  subsequent  season,  but,  on  account  of  the  great 
scarcity  of  water  prevailing  in  Panama  during  the  dry  season 
of  1904-05,  it  was  impossible  to  commence  concrete  work,  and 
consequently  it  was  left,  after  the  completion  of  the  timber 
forms,  until  after  the  introduction  of  water  into  Panama  through 
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the  main  supply  line,  which  was  by-passed  around  the  reservoir. 
The  first  pipe  for  the  supply  line  was  not  received  until  Febru- 
ary 1,  1905,  final  delivery  May  24,  and  one  month  later  the 
entire  line  had  been  laid,  riveted  and  calked,  permitting  water 
to  be  introduced  into  the  city  of  Panama  by  July  1,  and  turned 
on,  with  appropriate  ceremonies  in  the  public  square,  on  July  4, 
1905. 

While  the  laying  of  the  main  supply  line  and  raising  of 
the  Rio  Grande  dam  were  going  on,  the  work  in  the  city  of 
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Fig.  7. 

Panama  was  being  inaugurated  under  a  separate  organization. 
As  soon  as  the  report  on  sewers  had  been  approved,  specifica- 
tions for  material  were  made  and  forwarded  to  the  United 
States.  As  in  the  case  of  the  water  supply,  however,  it  was 
found  inadvisable  to  wait  for  the  delivery  of  materials,  and 
work  was  started  on  October  19,  1904,  excavating  for  the  main 
outfall  sewer  under  the  old  Chiriqui  Portress.  To  construct 
this  sewer  required  a  tunnel  100  feet  long  under  the  parapet  of 
the  fort,  and,  as  materials  were  again  delayed  in  delivery  after 
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the  time  of  completion  of  this  tunnel,  an  18-inch  concrete  sewer 
was  built  here  and  carried  300  feet  beyond  the  sea  wall  to  low 
water. 

The  work  as  carried  on  during  this  first  year  was  divided 
into  three  divisions,  supervised  by  members  of  the  original 
engineering  party  who  had  been  first  employed  on  preliminary 
survey.  Necessary  superintendents  and  foremen  were  first  hired 
on  the  Isthmus,  and  later  supplied  from  the  Washington  office. 
Their  laboring  gangs  were,  in  the  same  way,  first  recruited  into 
small  units  from  the  local  labor  markets,  and  later  supplemented 
by  the  organized  efforts  of  the  Bureau  of  Labor  of  the  Canal 
Commission.  Laborers  employed  at  the  dam  and  along  the 
Panama  Railroad  consisted  mainly  of  Jamaica  negroes.  In 
the  city  of  Panama  it  was  more  difficult  to  maintain  men  in 
steady  employment,  due  to  the  fact  that  there  was  a  constant 
drifting  population  through  the  city,  and  incessant  recruiting 
was  necessary. 

Shortly  after  the  commencement  of  sewer  work  came  the 
enforced  disbanding  of  the  Panama  Army,  consisting  of  some 
hundred  men,  who,  with  their  captain  in  command,  were  turned 
over  to  the  Municipal  Engineering  Division  to  make  themselves 
useful.  The  captain  was  constituted  foreman  and  his  men 
assigned  to  the  gang  under  him,  with  the  result  that  within  a 
month  no  trace  of  the  Panama  Army  remained  in  the  city, 
with  the  exception  of  the  captain,  who  subsequently  resigned. 

Following  this  a  gang  of  laborers  was  secured  from  the 
interior  of  the  country  by  sending  an  agent,  who  brought  them 
in  a  schooner  to  Panama.  The  men  when  they  arrived  had  no 
money  with  which  to  provide  food  and  quarters,  and  the  Pay- 
master's department  absolutely  refused  to  make  any  advances 
until  wages  had  been  earned.  It  was  consequently  necessary 
for  the  heads  of  the  Municipal  Engineering  Division  to  finance 
the  food  and  quarters  of  these  men  until  the  first  pay  day, 
depending  upon  individual  reimbursements,  which  were  not  in 
all  cases  secured. 

Eventually  the  department  in  charge  of  the  securing  of 
labor  and  providing  quarters  began  to  send  small  gangs  from 
the  various  "West  India  islands.  Eager  competition  to  secure 
these  men  developed  between  various  divisions  anxious  to  carry 


Digitized  by  Microsoft® 


PRELIMINARY  MUNICIPAL  ENGINEERING  135 

on  their  work,  and  there  came  about  a  system  of  recruiting  in 
each  division,  which  sometimes  resulted  in  the  offering  of 
inducements  to  laborers  to  leave  one  portion  of  the  work  and 
go  to  another,  a  practice  which  prevailed  for  many  months 
before  it  was  finally  stopped  by  those  at  the  head  of  the  work. 
In  one  case  when  a  shipment  of  laborers  arrived  at  the  Panama 
Eailroad  station  they  were  met  by  agents  of  the  Municipal 
Engineering  Division  and  others  from  the  Building  Department, 
and  so  keen  a  competition  developed  to  obtain  the  men  that 
there  ensued  a  street  fight  and  the  subsequent  arrest  and  jail- 
ing over  night  of  the  principals,  all  parties  being  let  off  the  next 
day  with  fines,  those  for  the  Municipal  Engineering  Division 
being  the  greater,  as  the  Building  Department's  men  showed 
the  greater  number  of  surface  damages. 

Conditions  in  the  city  during  the  first  year  of  work  were 
excessively  bad.  More  or  less  yellow  fever  was  constantly 
present  in  the  city  with  malaria  very  prevalent,  and  the  prob- 
lem of  obtaining  quarters  for  men  was  much  more  difficult  than 
along  the  canal  line,  where  many  old  French  buildings  were 
available.  After  several  months,  when  the  sewer  construction 
was  thoroughly  under  way,  and  laborers  obtainable  in  larger 
numbers,  it  became  necessary  to  obtain  from  the  Panama  Gov- 
ernment the  use  of  part  of  the  old  Chiriqui  barracks,  which  up 
to  that  time  had  been  used  for  a  prison  exclusively,  and  to 
quarter  our  laborers  therein.  As  it  was  still  continued  in  use 
as  a  prison  with  the  consequent  military  guard,  there  arose  on 
various  occasions  trouble,  which  culminated  in  a  riot  and  the 
injuring  of  several  men  by  Panama  police,  some  twenty  laborers 
from  the  sewer  gang  being  conducted  to  the  Ancon  hospital 
with  bayonet  wounds  in  the  back.  Trustworthy  foremen  were 
hard  to  acquire  and  harder  to  keep  at  work.  More  than  one 
died  of  yellow  fever,  and  others  left  on  account  of  ill  health  or 
dissatisfaction  with  living  conditions. 

Simultaneously  with  the  pipe  laying  in  the  streets,  the 
Sanitary  Department  was  carrying  on  a  campaign  of  fumiga- 
tion in  an  attempt  to  eliminate  epidemic  diseases.  This  required 
a  large  number  of  laborers  at  necessarily  easy  work,  consist- 
ing mainly  of  fumigating  and  whitewashing  buildings,  and,  as 
no  distinction  was  made  in  the  rates  of  pay  allowed  to  different 
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classes  of  labor,  it  was  increasingly  difficult  to  hold  men  to 
work  in  the  trenches  for  the  same  price  that  they  could  receive 
for  standing  on  a  ladder  with  a  whitewash  brush,  or  sitting  on 
the  curb  waiting  until  the  work  of  fumigation  would  permit 
their  entering  a  building  to  clean  it.  It  was  intended  and 
attempted  to  carry  on  simultaneously  in  any  one  street  all  the 
work  of  pipe  laying  required,  but  after  the  first  attempt  the 
plan  was  given  up,  as  the  narrowness  of  most  of  the  streets  pre- 
vented the  piling  adjacent  to  the  trench  of  all  excavated  mate- 
rial required  for  the  laying  of  both  sewers  and  water  mains, 
and  it  was  found  impossible  to  carry  on  the  different  steps  of 
the  two  classes  of  work  simultaneously.  As  far  as  was  pos- 
sible water  mains  were  laid  with  a  view  to  completing  the  cen- 
tral skeleton  first  and  carrying  the  main  supply  line  down  the 
principal  street  and  thence  on  radiating  branches ;  while,  on  the 
other  hand,  the  logical  development  of  the  sewers  began  with 
the  outfalls  and  from  them  worked  back  towards  the  main 
street,  which  was  on  the  crest  of  the  central  ridge  of  the  city. 
The  work  on  the  streets  for  sewers  and  water  mains  was  inaugu- 
rated at  the  close  of  the  wet  season  about  February  1,  1905. 

As  labor  was  cheap  and  largely  unskilled,  it  was  decided  to 
make  sewer  manholes  of  concrete,  and,  on  account  of  the  firm 
nature  of  the  material  excavated,  a  large  number  of  these  were 
constructed  by  digging  a  circular  hole  of  the  exact  size  of  the 
manhole  in  advance  of  trenching,  thus  avoiding  the  necessity 
for  exterior  forms.  While  awaiting  the  arrival  of  supplies  and 
subsequently  on  various  occasions  when  these  were  inadequate 
several  concrete  sewers  were  constructed. 

Almost  simultaneously  with  the  commencement  of  the  con- 
struction of  water  works  and  sewers,  some  small  road- construc- 
tion had  been  carried  on.  It  had  been  necessary,  from  the  first, 
to  do  maintenance  work  on  the  roads  built  by  the  French  canal 
company  in  and  about  Ancon  Hospital  and  the  headquarters  of 
the  Commission  on  territory  outside  the  City  of  Panama  and 
within  the  canal  zone,  and  it  was  recognized  that  the  authori- 
ties of  the  City  of  Panama  had  no  organization  for  maintaining 
the  surfaces  of  their  streets  after  the  original  hard  foundation 
should  have  been  cut  by  trenching. 

The  first  actual  work  of  any  consequence  in  highway  main- 
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tenanee  came  as  the  result  of  the  imminent  failure  early  in  1905 
of  the  plate  girder  bridge  carrying  the  main  street  of  Panama 
over  the  Panama  Railroad  tracks  adjacent  to  the  main  passen- 
ger station.  As  it  was  found  that  the  railroad  company  had  no 
adequate  force  for  its  repair,  and  that  the  Building  Depart- 
ment was  unable  to  undertake  it,  the  matter  was  turned  over 
by  mutual  consent  to  the  Municipal  Engineering  Division  to 


Fig.  8.  Caledonia  Bridge.  The  old  corroded  plate  girder  structure  carrying  Central 
Avenue  over  the  Panama  R.  R.  Bullet  holes  from  recent  revolution  show  in 
sheet-iron  parapet. 

remedy.  The  plate  girders  had  been  so  badly  corroded  by  lo- 
comotive gases  that  the  webs  were  almost  entirely  destroyed 
near  the  center  panels,  and  many  of  the  floor  beams  badly  dis- 
integrated. As  an  emergency  measure  it  was  decided  to  encase 
the  entire  structure,  which  was  still  capable  of  sustaining  not 
only  its  own  load  but  something  more,  in  a  concrete  arch,  and 
designs  were  accordingly  worked  out,  the  girders  stripped  and 
raised  about  two  feet  from  their  foundations,  forms  erected, 
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and  a  concrete  arch  bridge,  having  the  two  main  girders  en- 
cased in  concrete  panels,  and  the  entire  structure  embedded  in 
a  three-centered  concrete  arch  of  low  rise,  was  constructed  at 
a  total  cost  of  about  $3000.  It  was  erected  in  a  period  of  two 
months  without  interfering  with  railroad  travel. 

Subsequently,  beginning  with  a  relatively  small  amount, 
the  entire  work  of  road  construction  was  turned  over  to  the 
Municipal  Engineering  Division.     The  only  work  done  at  first 


Fig.  9.     Caledonia  Bridge.     Concreted  and  Face  Forms  Removed. 

was  repairs  to  roads  around  Ancon,  and  the  resurfacing  of  the 
main  road  leading  from  Panama  to  La  Boca.  This  was  with 
material  obtained  from  a  small  quarry  on  the  west  side  of 
Ancon  Hill,  and,  until  a  steam  roller  could  be  obtained,  use  was 
made  of  a  horse-drawn  roller  constructed  of  a  section  of  cast- 
iron  pipe  filled  with  cement.  At  the  same  time  that  this  was 
being  undertaken,  the  Panama  Government  was  attempting  to 
develop  its  territory  in  the  district  known  as  the  Savanas,  lying 
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along  the  old  road  which  ran,  in  a  generally  easterly  direction, 
from  the  city,  near  the  site  of  old  Panama,  to  the  Juan  Diaz 
River  and  beyond,  the  region  in  which  many  of  the  wealthy 
Panamanians  had  large  estates  and  houses,  which  they  occu- 
pied during  the  so-called  summer  season,  the  dry  period  ex- 
tending from  December  to  April.  As  the  road  to  this  district 
passed  for  several  miles  through  canal  zone  territory,  it  was 
agreed  by  the  Isthmian  Canal  Commission  to  improve  the  old 
highway  with   a   modern   macadam   road.      The   old  road   was 


Fig.   10.     Caledonia  Road.      Start  of  Route  to  the  Savanas. 

largely  in  two  sections,  one-half  paved  with  cobblestone,  which 
portion  was  used  in  wet  weather,  and  the  rest  merely  a  dirt 
trail  which  had  a  smoother  surface  in  the  dry  season  but  was 
very  dusty.  In  wet  weather  this  latter  portion  became  speedily 
impassable. 

Shortly  after  this  work  was  planned  and  commenced,  plans 
were  laid  out  for  the  paving  of  the  city  proper.  This  was  during 
the  rainy  season  of  1905,  shortly  after  the  turning  on  of  water 
along  the  central  street  of  the  city,  and  the  completion  of  the 
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first  sewers.  Any  attempt  to  restore  the  old  cobblestone  surface 
over  the  backfilled  trenches  would  have  been  useless,  even  had 
it  not  been  determined  that  for  sanitary  reasons  a  smooth  pave- 
ment easily  kept  clean  and  drained  was  most  desirable.  To 
furnish  such  surface,  vitrified  brick  was  selected  as  most  suit- 
able for  the  climate  and  local  conditions.  For  the  principal 
street  of  the  city,  which  has  a  length  of  about  one  mile  between 
the  railroad  station  and  the  central  plaza,  and  a  width  varying 
from  about  40  to  80  feet,  and  which  carries  the  heaviest  traffic, 


Fig.  11. 


Savanas  Road  Where  a  Cut  Was  Made.     Two  months  previous  this  spot 
was  impassable,  due  to  mud. 


5-inch  concrete  foundation  was  used,  the  brick  surface  being 
laid  on  a  1-inch  sand  cushion.  For  the  other  principal  streets 
a  4-inch  concrete  foundation  was  thought  to  be  adequate.  On 
streets  of  minor  importance  it  was  planned  to  lay  brick  directly 
on  a  rolled  macadam  foundation,  and  ultimately,  over  a  con- 
siderable number  of  them,  the  brick  was  omitted  entirely  and 
a  5-inch  concrete  roadway  constructed  with  a  smooth  surface. 
It  was  originally  planned  to  fill  the  joints  of  the  bricks  with  a 
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bituminous  material,  and  the  original  requisition  was  made  up 
on  this  basis.  It  was  later  determined,  after  the  receipt  of  sup- 
plies, that,  due  to  climatic  conditions,  cement  grout  would  be 
more  satisfactory,  and  the  other  method  was  never  tried  out. 

On  account  of  beginning  paving  construction  a  year  before 
the  force  engaged  on  sewers  and  water  mains  in  the  outlying 
portions  of  the  city  could  be  materially  reduced,  there  was 
necessitated  a  considerable  increase  of  force  and  the  appoint- 
ment of  additional  supervisors  competent  to  handle  paving 
work;  while  simultaneously  the  special  division  charged  with 
macadam  road  construction  had  to  be  enlarged  as  the  scope  of 
this  work  extended  to  the  reconstruction  of  all  the  outlying 
roads  around  Panama. 

Upon  commencing  the  street  paving  it  was  first  necessary 
to  have  a  storage  yard,  and,  there  being  no  sufficient  room  in 
the  freight  yards  of  the  Panama  Eailroad,  some  adjacent 
ground  was  leased  for  a  period  of  two  years,  spur  tracks  con- 
structed from  the  railroad  running  to  sheds  for  the  storage  of 
several  thousand  barrels  of  cement  (which  was  received  in  ship- 
load lots)  and  a  trestle  over  bins  for  crushed  stone  and  sand, 
as  well  as  vacant  ground  on  which  to  pile  at  least  3,000,000 
brick.  The  broken  stone  it  was  planned  to  supply  from  a 
crusher  plant  at  Pedro  Miguel  on  the  line  of  the  Panama 
Railroad. 

The  organization  under  the  Resident  Engineer  at  this  time 
consisted,  in  addition  to  the  necessary  office  force  and  survey 
parties,  of  four  principal  divisions:  one  handling  all  the  work 
of  water  works  and  sewer  construction  in  the  city;  one  in 
charge  of  similar  work  in  the  outlying  towns  as  far  as  Culebra ; 
a  third  constructing  macadam  roads ;  and  a  fourth,  the  last  or- 
ganized, but  ultimately  the  largest,  for  paving  the  City  of 
Panama.  There  were  also  necessary  the  transportation  organi- 
zation for  handling  material  by  cart  to  the  various  jobs,  and  a 
storekeeper  with  assistants  in  charge  of  the  issuance  of  ma- 
terials.   The  whole  comprised  about  1500  men. 

As  had  been  the  case  previously  with  supplies  for  water 
mains  and  sewers,  a  long  period  elapsed  after  the  drawing  of 
requisitions  before  the  materials  called  for  were  received. 
There  was  great  urgency  during  the  latter  months  of  1905  to 
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commence  the  work  of  paving.  Requisitions  had  been  drawn 
under  the  direction  of  the  first  Chief  Engineer ;  the  supplying 
of  them  developed  upon  the  second  appointed ;  and  a  complete 
reorganization  of  the  commission  had  also  taken  place.  These 
changes  necessarily  involved  delays  in  the  receipt  of  material, 
but  also  brought  upon  the  Municipal  Engineering  Division 
much  urgency  for  expediting  the  work.  The  grading  and  plac- 
ing of  foundation  concrete  on  the  main  street  was  therefore 
started,  before  any  brick  had  arrived,  with  gangs  recruited 
from  among  the  men  then  available.  One  of  the  assistant  en- 
gineers was  put  in  charge  of  paving  construction  as  superin- 
tendent. Two  general  foremen  were  found  who  had  at  some 
time  seen  or  read  of  the  construction  of  brick  pavements,  and 
the  work  on  the  main  street  was  divided  into  two  sections. 
There  was  not  a  laborer  available  who  had  ever  had  anything 
to  do  with  any  class  of  paving  construction,  and  very  few  who 
had  ever  worked  on  any  construction  other  than  simple  exca- 
vation. The  engineer-superintendent  was  one  of  several  men 
in  the  organization  who  had  sufficient  executive  ability  to 
handle  his  force,  and  soon  developed  the  elements  of  what  was 
desired. 

It  had  been  planned  to  use  mechanical  mixers  for  the  foun- 
dation concrete,  and  requisitions  had  been  made  with  this  in 
view,  but,  unfortunately,  when  these  arrived  they  were  found 
to  be  about  two  sizes  too  large  for  Panama  streets,  and  they 
were  therefore  left  in  the  storage  yard  for  a  year  or  two,  while 
the  work  on  the  street  was  carried  on  very  satisfactorily,  with 
less  complication  and  at  no  greater  expense  under  the  existing 
conditions,  by  hand  mixing.  There  was  requisitioned  at  the 
same  time  as  the  concrete  mixers  and  other  supplies  for  paving, 
a  small  5-ton  tandem  roller,  which  it  was  proposed  to  use  in  the 
city,  and  two  large  rollers  of  about  12  tons  each,  for  use  on  the 
macadam  roads.  The  former  was  received  in  time  to  place  in 
service  for  consolidating  the  sub-grade  in  advance  of  paving, 
as  well  as  for  rolling  the  brick  surface,  and,  after  some  delay, 
the  first  shipment  of  brick,  containing  enough  to  pave  the  first 
quarter  mile  of  the  main  street,  arrived  at  Colon.  Prom  the 
first  the  handling  of  the  brick  was  done  in  a  very  crude  man- 
ner.   They  had  been  shipped  roughly  dumped  in  the  hold  of 
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the  steamers,  were  unloaded  by  grab  buckets  to  side  dump  cars, 
on  which  they  were  transported  to  Panama  and  dumped  in  the 
storage  yard,  having  at  no  time  any  care  used  in  the  handling. 
The  result  was  a  very  high  percentage  of  broken  brick,  which 
was  later  utilized  by  mixing  with  broken  stone  for  foundation 
concrete.  The  paving  of  the  main  street  was  commenced  in 
November,  in  the  midst  of  extremely  wet  weather,  and  carried 
on  continuously  except  when  delayed  by  lack  of  material,  and 
finished  in  March,  thus  obviating  the  greatest  source  of  com- 
plaint and  relieving  the  traffic  situation,  so  that  the  paving  of 
the  remainder  of  the  city  could  be  carried  on  with  somewhat 
less  inconvenience  to  the  general  public. 

It  was  found,  soon  after  starting  the  work,  that  the  supply 
of  crushed  stone  from  the  Panama  Railroad  crusher  was  irregu- 
lar and  inadequate,  and  a  search  in  the  vicinity  of  some  of  the 
old  French  warehouses  resulted  in  the  finding  of  a  number  of 
small  portable  jaw  crushers  that  had  been  overgrown  with 
trees  and  jungle  for  the  previous  twenty  years.  These  were 
hauled  out  and  one  was  set  up  in  a  public  square  near  the 
center  of  the  city,  for  the  purpose  of  crushing  the  old  cobble- 
stone pavement  as  it  was  removed  from  the  streets,  while  two 
others  were  employed  on  the  work  of  constructing  macadam 
road  to  the  Savanas,  in  place  of  two  American  crushers,  which 
had  been  bought  on  requisition  and  which  speedily  broke  down 
under  the  hard  service  given  them. 

The  paving  of  the  city  was  continued  throughout  1906, 
|being  finished  early  in  the  following  year,  and  amounted  to  a 
total  of  65,000  square  yards  of  brick  pavement  with  a  total 
length  of  5%  miles,  about  two-thirds  of  this  on  concrete  foun- 
dation and  the  remainder  on  macadam.  There  was  also  laid 
about  19,000  square  yards  of  concrete  pavement,  having  a  total 
length  of  two  miles.  Concrete  curbs  were  built  on  all  streets. 
On  account  of  the  uniform,  temperature,  no  difficulty  was  ex- 
perienced in  constructing  the  latter  in  place  to  any  length  de- 
sired. No  provisions  of  any  sort  were  made  for'  expansion, 
either  in  the  concrete  streets  or  curbs.  There  were  few  cases 
of  cracks  occurring.  The  paved  portions  of  the  city  comprised 
all  the ;  old  town  inside  the  former  line  of  the  walls,  and  the 
central  ;portion  outside  adjacent  to  the  two  main  thoroughfares, 
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one  leading  to  the  railroad  station  and  beyond  to  the  Savanas, 
and  the  other  forming  the  road  to  La  Boca.  The  majority  of 
streets  adjacent  to  or  outside  of  these  principal  arteries  were 
surfaced  with  macadam  with  concrete  gutters  and  curb. 

In  order  to  facilitate  traffic  in  the  congested  portion  of  the 
city,  a  few  grade  changes  were  made,  an  incline  being  built 
from  the  higher  portion  of  the  city  to  the  low  level  around  the 
market,  and  another  down  to  the  beach,  where  the  market  boats 


Fig.  12.     A  Narrow  Street  Paved  after  Making  Grade  Reduction.      Sidewalks  Sub- 
sequently Cut  Down  to  Meet  New  Curb  Level. 

were  accustomed  to  congregate ;  while,  in  the  paving  of  all  the 
streets,  curbs  were  set  to  uniform  grades  and  sidewalks  subse- 
quently brought  to  their  level,  thus  abolishing  the  old  custom 
of  each  owner  having  the  walk  in  front  of  his  house  at  what- 
ever level  best  suited  him,  with  the  consequent  impossibility  of 
continuous  foot  traffic  along  the  walks. 

No  serious  accidents  occurred  at  any  time  during  the  city 
construction,  either  in  the  trenching  or  subsequent  paving.  At 
the  height  of  the  first  rainy  season,  while  constructing  a  sewer 
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trench  adjacent  to  the  building  then  occupied  as  a  residence 
of  the  chief  engineer,  caving  developed,  and  it  was  necessary 
to  keep  a  gang  at  work  continuously  for  two  days  in  order  to 
protect  the  sides,  shore  the  adjacent  buildings  and  prevent 
damage.  Later,  in  the  construction  of  one  of  the  storm  over- 
flows, which  was  built  by  tunneling  near  the  ice  plant,  a  second 
bad  case  of  settlement  happened,  due  to  the  buildings  in  the 
vicinity  having  been   constructed   on   ground  previously  made 


Fig.  13.     Crowded  Conditions  on  a  Narrow  Street.     Deep  Trenching  on  Avenue  A* 
for  the  24-inch  Sewer. 

by  filling  with  garbage,  and  one  wall  of  a  house  fell  down. 
This  was  restored  by  the  same  construction  gang  building  the 
sewer,  and  concrete  instead  of  the  previous  rubble  was  used, 
resulting  in  a  letter  of  thanks  directed  by  the  owner  to  the 
Governor  of  the  Canal  Zone  for  the  generous  treatment  he  had 
received.     At  one  other  point  where  a  grade  reduction  was 

*  Engineer  party 's  street  designations,  chosen  for  use  in  field  notes, 
were  officially  adopted  by  the  City. 
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made,  it  became  necessary  to  do  some  hasty  concrete  retaining 
wall  construction,  to  prevent  the  possible  subsidence  of  a  build- 
ing which  proved  to  have  been  built  directly  on  the  surface  of 
the  clay  soil  without  any  attempt  at  foundation. 

All  forms  of  street  work  were  carried  on  under  consider- 
able urgency  and  pressure  at  all  times,  and  at  the  best,  especi- 
ally because  of  the  very  narrow  streets,  there  was  considerable 
annoyance  to  property-owners,  perhaps  to  none  greater  than 
to  those  in  the  street  renamed  Avenue  A,  where  the  main  out- 
fall sewer  of  the  central  portion  of  the  city  was  laid  at  such 
a  considerable  depth  that  the  excavated  material  could  barely 
be  stored  on  both  sides  of  the  trench,  and  only  by  putting  stop- 
boards  across  the  doors  of  all  the  houses  and  piling  up  the  ma- 
terial half  way  to  the  second  story,  requiring  occupants  to  climb 
in  and  out  over  this  barricade. 

At  a  time  when  the  paving  construction  work  was  at  its 
maximum  pressure  and  before  the  entire  completion  of  the 
water  works,  but  fortunately  after  the  distributing  reservoir 
and  principal  street  lines  were  in  service,  occurred  two  serious 
fires.  The  first,  probably  caused  by  the  operations  of  a  fumi- 
gating gang,  burned  over  several  blocks  in  the  western  part 
of  the  city  occupied  by  the  poorer  and  most  inflammable  class 
of  houses,  but,  as  it  happened  at  mid-day,  the  forces  of  the 
construction  gangs  were  fortunately  available  for  prompt  assist- 
ance to  the  zealous  but  inadequate  native  fire  department. 

The  second  originated  after  midnight  in  a  large  lodging- 
house  near  the  center  of  the  city,  and  for  several  hours  before 
daylight  presented  a  very  serious  task  to  prevent  its  spreading 
over  the  entire  town.  As  it  was,  the  buildings  over  more  than 
two  blocks  in  the  heart  of  the  town  were  completely  destroyed, 
but  in  both  cases  a  demonstration  was  given  of  the  efficacy  of 
the  water  supply,  without  which  the  fires  might  have  consumed 
the  entire  city.  The  hydrants  and  ample  water  supply  were  of 
course  an  entire  novelty  to  the  old  fashioned  fire  department, 
whose  members  were  always  punctilious  about  putting  on  their 
uniforms  before  proceeding  to  a  fire.  They  selected  by  prefer- 
ence those  hydrants  at  a  safe  distance  from  the  flames,  then, 
after  coupling  their  hose  and  turning  on  the  water,  proceeded 
to  stretch  lines  ranging  from  250  to  500  feet  crossing  each 
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other  and  sometimes  running  past  unused  hydrants.  The  ulti- 
mate extinguishing  of  the  conflagration  was  usually  done  in 
spite  of  the  department,  by  a  large  accession  of  volunteers  from 
the  Municipal  Engineering  Division  forces. 

While  the  city  construction  was  under  way,  with  all  the 
difficulties  due  to  working  in  narrow  streets,  the  lack  of  water 
in  the  first  dry  season  and  the  too  great  abundance  of  it  in  the 
subsequent  rainy  weather,  with  pjublic  dissatisfaction  because 
conditions  were  not  immediately  made  several  hundred  per 
cent  better  than  they  had  ever  existed  before,  and,  with  con- 
fusion due  to  frequent  changes  of  overhead  organization ;  the 
road  construction  division  working  outside  the  city  was  carry- 
ing forward,  first  La  Boca  and,  later,  the  Savanas  Road,  with 
an  organization  which  required  even  greater  attention  than  that 
of  the  city,  as,  in  addition  to  the  problem  of  construction 
proper,  was  that  of  proper  camps  and  commissary  facilities  as  the 
distance  from  the  city  increased  up  to  a  maximum  of  six  miles. 

The  equipment  included  teams,  wagons,  scrapers,  plows,  road 
rollers  and  two  portable  crushing  plants  set  up  at  points  adja- 
cent to  the  road  work  where  suitable  rock  could  be  obtained. 
Eeference  has  already  been  made  to  a  requisition  for  two  road 
rollers  for  this  work,  which  were  needed  to  take  the  place  of  the 
horse  roller  first  employed.  The  history  of  this  requisition, 
while  by  no  means  typical  of  the  history  of  all  supplies  pur- 
chased at  that  time,  is  an  illustration  of  some  of  the  difficulties 
experienced  on  the  Isthmus,  not  confined  to  the  period  under 
control  of  the  French  company.  From  the  time  the  requisition 
was  forwarded  until  the  rollers  were  received,  several  months 
passed,  and,  in  the  interval,  the  work  on  the  Savanas  road  was 
inaugurated  by  using  an  old  English  Aveling  and  Porter  roller 
belonging  to  the  Panama  Government,  which  was  borrowed  at 
times  when  it  could  be  spared  from  the  attempt  which  the  native 
government  was  making  to  modernize  its  own  road  system  be- 
yond the  Canal  Zone.  After  a  long  wait  two  rollers  were  de- 
livered at  Panama  and  set  up  ready  for  work.  They  presented 
a  handsome  appearance  with  fresh  gold  lettering  and  green 
paint,  and  bore  names  professing  that  they  had  been  manufac- 
tured by  the  Acme  Road  Machinery  Company.  After  some  dif- 
ficulty in  getting  men  expert  to  run  theih — as  most  of  the  ma- 
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chinists  available  were  locomotive  engineers  of  the  Panama  Rail- 
road  who  had  been  discharged  for  drunkenness — they  were 
started  in  operation,  but  speedily  developed  an  alarming 
capacity  for  breaking  down,  which  was  at  first  attributed  to  the 
erratic  conduct  of  the  green  rollermen.  "Within  a  few  days,  how- 
ever, the  large  gear  wheel  on  one  roller  broke  in  two,  displaying 
a  section  of  rust  on  the  interior  face  of  the  break,  which  had  been 
covered  with  putty  and  paint.  Shortly  after,  the  link  block  on 
the  other  cracked  and,  when  removed,  showed,  under  its  coating 
of  metal  paint,  an  unmistakable  hard  wood  surface.  As  the 
new  paint  began  to  wear  off  the  covers,  other  names  developed 
beneath  it,  which  led  to  a  belief  that  both  machines  were  recon- 
structed traction  engines,  which  had  been  formerly  destined  for 
Frankfort,  N.  Y.,  and  Racine,  "Wis.,  but  which  for  some  reason 
had  not  been  sold  to  those  municipalities.  Extensive  repairs  on 
both  machines,  as  other  flaws  developed,  ultimately  put  them  in 
fair  condition.  It  is  probable  that  the  total  value  of  the  shop 
work  and  subsidiary  repairs  given  them  on  the  Isthmus,  within 
the  first  year  of  their  service,  equalled  the  original  purchase  price. 

Reference  has  been  made  to  such  incidents  as  these,  to  show 
the  difficulties  under  which  the  pioneer  parties  worked,  during 
the  first  three  years  of  preliminary  preparation  for  the  organi- 
zation which  has  carried  on  the  canal  to  completion. 

By  the  middle  of  1907,  water  works,  sewers  and  paving  had 
been  completed  in  the  City  of  Panama.  Practically  all  houses 
had  by  ordinance  been  connected  with  the  water  mains  and 
sewers.  The  Sanitary  Department,  as  fast  as  this  was  done,  re- 
quired the  filling  up  of  wells,  cisterns  and  the  removal  of  all 
water  containers.  The  main  roads  outside  the  city  were  finished, 
subsidiary  water  systems,  taken  from  the  main  supply  line, 
served  all  camps  and  towns  from  Culebra  to  Panama,  and  neces- 
sary roads  had  been  finished  in  these  settlements,  new  water  con- 
nections provided  for  the  Panama  Railroad  and  the  wharfs  at 
La  Boca,  and  a  filtration  plant  installed  for  the  clarification  and 
purification  of  the  water  supplied  from  Ancon  reservoir. 

The  hospital  and  quarters  on  Ancon  Hill,  which  were  too 
high  for  the  city  gravity  supply,  were  served  by  a  high  level 
subsidiary  reservoir  filled  by  a  pumping  plant  which  also  sup- 
plied steam  to  the  hospital  and  hotel.    Similar  installations  served 
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the  other  Canal  Zone  towns,  while  a  pumping  plant  supplied 
Colon  with  water  from  a  nearby  reservoir  too  low  for  a  gravity 
supply,  and,  on  account  of  its  flat  and  low  situation,  the  entire 
town  was  raised  several  feet  by  hydraulic  dredging,  a  sewer 
system  constructed,  with  a  discharge  by  pumping  from  a  sump, 
and  the  street  mainly  surfaced  with  macadam. 

In  the  city  of  Panama  during  the  three  years  of  preliminary 
construction  there  was  expended  for  municipal  improvements 
of  all  classes  over  $1,000,000;  including  Colon  and  the  Canal 
Zone  towns  outside  the  jurisdiction  of  the  Panama  residency,  the 
total  work  of  the  Municipal  Engineering  Division  amounted  to 
over  $2,000,000.  A  comparison  of  the  unit  costs  of  work  during 
this  period  with  those  in  other  places,  or  subsequently  at  Panama, 
is  of  little  value  inasmuch  as  the  conditions  existing  frequently 
necessitated  the  attaining  of  prompt  results  without  giving  oppor- 
tunity to  pay  much  attention  to  economy.  It  was  of  course 
endeavored  at  all  times  to  operate  the  organization  as  efficiently 
as  possible,  but  frequently  speed  demanded  the  paying  of 
extremely  high  prices  for  materials  or  the  working  of  laborers  in 
what  would  have  been  extravagantly  large  gangs  under  ordinary 
conditions.  In  addition  to  this  is  the  fact  that  records  as  kept 
under  the  direction  of  the  Canal  Commission  during  the  prelimi- 
nary period  are  extremely  poor.  No  general  system  of  cost  keep- 
ing had  been  adopted,  and  in  general  the  official  documents  show 
merely  total  cost,  with  no  explanation  as  to  units,  or  reasons  for 
special  payments.  An  example  of  the  impossibility  of  judging 
cost  from  the  records  is  the  case  of  the  Savanas  road.  The  books 
show  an  extremely  high  cost,  and  there  is  nothing  in  them  to 
indicate  that,  as  was  the  case,  a  large  part  of  the  plant  and 
expenses  entirely  outside  the  control  of  the  Municipal  Engineer- 
ing Division,  were  figured  into  the  cost  of  this  road. 

The  following  are  a  few  of  the  principal  items  of  cost :  There 
was  expended  on  Panama  pavements  at  the  close  of  1906,  when 
the  work  was  completed  on  the  majority  of  streets,  about  $300,- 
000.  The  total  expenditures  on  the  water  works  and  sewers  for 
the  city  to  the  same  date  amounted  to  over  $600,000.  Outside 
of  the  city,  on  the  Savanas  road  and  other  roads  of  less  impor- 
tance, as  well  as  subsidiary  lines  for  water  supply  and  sewerage 
in  adjacent  towns,  there  had  been  spent  an  additional  amount  in 
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excess  of  $100,000.  The  reconstruction  of  Caledonia  Bridge,  the 
concrete  highway  arch  bridge  over  the  Panama  Eailroad,  was 
done  for  $3000.  The  total  cost  of  the  Savanas  road,  including 
three  concrete  arch  bridges,  regrading  to  the  extent  of  12,000 
yards,  the  opening  up  of  a  quarry  and  excavating  and  crushing 
12,000  cubic  yards  of  rock,  building  of  camps  and  some  minor 
side  roads,  as  well  as  a  very  considerable  plant  charge,  amounted 
to  a  total  cost  of  $94,000  for  about  four  miles  of  road — a  very 
excessive  amount.  To  what  extent  the  main  office  charged  in 
plant  afterwards  used  on  other  work  it  was  impossible  to  deter- 
mine at  the  time,  and  no  records  of  it  were  kept. 

A  matter  of  more  interest  than  the  total  cost  is  that  of  unit 
prices.    Some  of  these  were  as  follows : 


Sewers. 


Labor 

Materials               Unit 

Class 

Bate 

Class 

Price 

Foremen 

$60-125  mo. 

4"  pine,  ravr  ft.     its  .08 

Pipe  Layers 

16e-20c  hr. 

6" 

f       t 

'      "     12 

Laborers 

10e-16c  hr. 

8" 
10" 

(       t 

C              I 

'     "     20 

<     "     30 

12" 

t          I 

'     "     40 

15" 
18" 

c           t 
t          t 

<     "     54 

'     "     76  V> 

24" 

t          I 

'     "     1.461/. 

Branches  21 

/2  times  these  rates. 

Approx.  cos 

t  of  pipe  =  l/4d2  +  4. 

Water 

Supply. 

Labor 

Materials. 

Class 

Eate 

Class 

Unit  Price 

Foremen 

$60-125  mo. 

Pipe i 

i  25.30  per  ton  of  2000  lbs. 

Calkers 

16c-30e  hr. 

Specials 

50.00  "    "    "     "     " 

Laborers 

10e-16e  hr. 

Lead 

0.0435  per  lb. 
0.035      "    " 

Yarn 

Hydrants.... 

19.50 

4"  valves.. 

6.25 

6"       " 

10.50 

8"       " 

15.25 

10"       " 

20.75 

12"       '  < 

27.00 

16"       " 

70.15 

20"       ' ' 

95.00 

36" 

1 1 

450.00 
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Brick  Paving. 
Labor  Materials 

Class  Bate  Class  Unit  Price 

Foremen $60-125  mo.      Brick $30.00  per  M. 

Pavers 16c-30c  hr.        Cement 2.09    "    bbl. 

Laborers 10c-16c  hr.        Sand 1.00    "    cu.  yd. 


Concrete. 


Labor 
Class  Eate 

Foremen $60-125  mo. 

Mixers 10c-16c  hr. 

Laborers 10c-16c  hr. 


Materials 
Class  Unit  Price 

Cement $  2.09  per  bbl. 

Sand 1.00    "    cu.  yd. 

Stone 1.50    "    "     " 

Lumber 28.00    "    M.  ft.  B.  M. 


Earth  Excavation. 


Labor 
Class  Eate 

Foremen $60-125  mo. 

Carpenters 16c-30c  hr. 

Laborers 10c-16c  hr. 


Materials 

Unit  Price 
....$28.00  M.  ft.  B.  M. 


Class 

Lumber 

Tools: 

Picks 0.28  each 

Shovels 0.32  to  .40  each 


Bock  Excavation. 


Labor 
Class  Eate 

Foremen $60-125  mo. 

Steam  drillers 16c-30c  hr. 

Hand  drillers 16c  hr. 

Engineers $75-100  mo. 

Firemen $30  mo. 

Blacksmiths 16e-30c  hr. 

Laborers 10c-16c  hr. 


Materials 
Class  Unit  Priee 

Coal $  6.35  per  ton 

Drill  steel 0.08    "    lb. 

Dynamite 5.62-7.12  case  50  lb. 

Exploders 34.90  per  M. 

Fuse 0.004  per  ft. 

Caps 5.25      "    M. 


In  order  that  there  may  be  contrasted  with  the  excessively 
high  cost  of  the  Savanas  road  some  other  work  done  under  favor- 
able conditions,  reference  may  be  made  to  that  section  running 
from  Caledonia  Bridge  to  near  the  Zone  Boundary,  or  the 
macadamized  portion  within  the  city  limits,  which  was  resur- 
faced by  taking  up  the  original  cobblestones,  running  them 
through  the  crusher  and  putting  them  back  in  the  shape  of 
macadam,  constructing  a  20-foot  roadway  with  gutters  at  an 
average  cost  per  running  foot  of  $1.49.  The  total  cost  per  yard 
of  brick  paved  streets  was  about  $3.50  under  the  most  favorable 
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conditions,  using  a  concrete  foundation,  although  in  the  work 
on  the  main  street,  where  speed  was  accomplished  at  the  expense 
of  economy,  the  cost  was  in  excess  of  $4.00  per  yard.  On  the 
concrete  streets  the  cost  per  square  yard  was  under  $2.00  includ- 
ing curbs. 

The  amount  of  paving  brick  first  delivered  was  3,082,500  at 
$30  per  1000,  which  laid  47,570  sq.  yds.  of  street  surface,  or 
about  64  brick  to  the  yard,  including  breakage.  There  was  sub- 
sequently bought  1,463,000  brick  more,  at  $27.30,  with  which 
the  remainder  of  the  Panama  City  area  was  completed,  as  well 
as  the  single  brick  street  in  Colon. 

A  description  of  the  installation  at  Colon  and  the  Zone 
towns  would  but  repeat  on  a  smaller  scale  the  brief  account  that 
has  been  given  of  the  construction  for  the  principal  city.  It 
has  been  attempted  to  outline  the  results  accomplished  and  some 
of  the  conditions  under  which  they  were  done.  Many  of  the 
difficulties  were  unavoidable,  and  such  as  must  always  be 
encountered  at  the  start  of  a  large  and  new  undertaking;  some 
resulted  from  the  lack  of  knowledge  at  Washington  of  tropical 
conditions,  and  an  unwillingness  to  give  a  free  hand  to  those 
on  the  work  (a  condition  corrected  after  a  time),  and  others 
from  ignorant  criticism  in  the  public  press.  Materials  were 
seldom  promptly  available  to  complete  work  as  planned.  Divi- 
sion heads  were  frequently  hampered  by  office  methods  designed 
for  conditions  nearer  home.  As  an  instance,  it  was  necessary  for 
a  long  time  that  each  division  have  its  own  stores,  to  avoid  their 
exhaustion  by  others,  and  the  spectacle  was  presented  of  the 
Municipal  Engineering  carpenters  spiking  together  3-  by  12-inch 
planks  to  make  12-  by  12-inch  posts,  while  less  than  half  a  mile 
away  the  saw  mill  of  the  building  department  was  ripping 
12-  by  12-inch  timbers  into  3-  by  12-inch  stuff.  To  save  time  man- 
hole heads  and  covers  for  sewers  were  cast  at  the  local  foundry 
from  old  French  scrap,  at  a  labor  cost  totalling  several  times 
their  value  in  the  northern  market,  and  bituminous  pavement 
filler  ordered  without  due  consideration  of  the  superior  advan- 
tages of  cement  grout  under  the  local  climatic  conditions,  was 
eventually  used  to  stop  leaks  in  the  tile  roof  of  the  Tivoli  Hotel, 
caused  by  the  lack  of  knowledge  of  proper  tropical  roof  con- 
struction. 
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Inadequate  arrangements  for  paying,  quartering  and  feed- 
ing laborers  made  the  force  short-handed  much  of  the  time,  and 
sometimes  obliterated  it  altogether  by  strikes,  when  pay  day  was 
too  long  delayed.  But  throughout,  the  pressure  for  prompt 
results  never  relaxed,  for  on  the  efficient  and  rapid  completion  of 
the  labors  of  the  Municipal  Division  depended  the  maximum 
speed  of  canal  construction. 

The  preliminary  work  thus  outlined  occupied  to  its  com- 
pletion the  three  and  a  half  years  from  the  taking  over  of  the 
French  Canal  Company's  property  to  the  end  of  1907.  It  was 
inaugurated  by  Mr.  Wallace  and  carried  on  by  Mr.  Stevens,  and 
completed  by  Col.  Goethals,  and  under  the  jurisdiction  of  three 
successive  commissions.  Its  work  was  effected  at  a  cost  sometimes 
not  realized  by  all  who  came  after.  Those  on  the  Isthmus  for 
this  period  lived  and  worked  in  conditions  very  different  from 
any  prevalent  since  then,  or  described  in  accounts  of  canal 
work.  Comfortable  screened  houses  with  furniture,  plumbing 
and  electric  lights;  commissaries,  supplied  with  cold  storage; 
communication  between  settlements  by  good  roads;  club  houses, 
excursion  trains,  sanitariums  and  other  luxuries  which  have 
made  the  Panama  towns  the  wonder  of  the  swarms  of  tourists 
that  have  visited  the  Zone  in  perfect  safety  and  comfort ; — these 
could  only  come  after  the  labors  of  the  advance  guard  who 
worked  between  and  during  malarial  fever  attacks,  who  saw  com- 
panions daily  carried  to  the  hospital,  and  kept  note  of  the  increas- 
ing rows  of  white  crosses  in  the  burial  ground  and  of  the  piles 
of  pine  coffins  turned  out  by  the  carpenter  shop  as  a  side  line 
to  keep  ahead  of  the  demand,  while  their  wives  were  living  in 
rooms  unscreened  because  requisitions  were  delayed,  and  mean- 
while checking  American  funerals  as  they  passed  by,  noting  the 
flag-draped  coffins. 

And  through  all  this  time  there  was  an  esprit  de  corps  very 
different  from  the  tales  that  have  been  written  of  slackness  and 
panic,  supposed  (by  those  who  were  never  there)  to  have  pre- 
vailed in  the  early  days.  Men  worked  harder  than  for  many  a 
driving  contractor — a  case  in  point  being  the  paving  of  Panama's 
main  street,  when  rival  gangs  racing  from  opposite  ends  of  the 
town  to  be  first  at  the  central  point,  finished  half  a  month  before 
the  date  set  by  the  chief  engineer,  not  stopping  for  even  a  Sunday 
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rest.  The  memory  of  such  men  as  Lester  Barton,  chief  clerk  of 
the  Panama  residency — who  kept  to  his  work  seven  days  in  the 
week  and  late  into  the  night  of  each  day,  because  of  inadequate 
help,  going  to  the  hospital  when  he  dropped,  and  returning  the 
instant  he  could  leave,  living  in  crowded  unsanitary  quarters  in 
the  hope  of  getting  a  house  assignment  before  long  and  a  chance 
for  a  vacation  to  go  home  and  bring  out  his  promised  wife,  and 
who  suddenly  died  of  pernicious  malaria — did  not  outlast  the 
completion  of  their  immediate  tasks,  except  among  those  with 
whom  they  toiled  and  who  know  of  them  as  typical  of  many  of 
the  early  workers,  who  received  no  fame  but  the  honor  of  giving 
their  part  to  building  the  foundations  for  the  machinery  that  has 
carried  to  a  successful  completion  the  most  famous  engineering 
feat  of  the  ages. 
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MUNICIPAL  ENGINEERING  AND  DOMESTIC  WATER 
SUPPLY  IN  THE  CANAL  ZONE. 


By 

GEOEGE  M.  "WELLS,  M.  Am.  Soe.  G.  E. 

Bes.  Engr.,  Division  of  Municipal  Engineering,  Panama  Canal 

Balboa  Heights,  Canal  Zone,  Panama 


A  paper  to  cover  the  Municipal  Engineering  and  Domestic 
Water  Supply  in  the  Canal  Zone  in  more  than  the  most  general 
description  would  greatly  exceed  the  imposed  space  limitations. 
Therefore,  no  attempt  will  be  made  by  the  writer  to  give  in 
this  paper  more  than  a  general  outline  of  the  municipal  and 
water-supply  work  that  has  been  accomplished  in  the  Canal 
Zone  and  in  the  cities  of  Panama  and  Colon  since  the  beginning 
of  operations  on  the  Panama  Canal  by  the  United  States 
Government. 

As  an  intimate  and  most  necessary  part  of  the  general 
sanitary  plans  for  cleaning  up  the  Isthmus  of  Panama  and 
making  it  habitable  to  North  Americans,  it  may  be  stated  that 
the  municipal  engineering  work  began  immediately  following 
the  advent  of  the  first  American  engineers  in  Colon  in  June, 
1904.  The  necessity  for  designing  and  constructing  suitable 
water-supply  and  sewer  systems,  for  laying  out  and  building 
street's  and  roads  in  all  the  small  towns  of  the  Canal  Zone  and 
in  the  cities  of  Colon  and  Panama,  was  considered  a  paramount 
one.  Every  effort  was  directed  toward  accomplishing  this  end 
in  the  shortest  possible  time,  and  the  magnitude  of  this  work 
will  be  realized  when  it  is  remembered  that  in  June,  1904,  there 
was  not  a  paved  or  macadamized  street  in  the  cities  of  Colon 
and  Panama ;  not  a  road  or  street,  fit  to  be  termed  such,  in  the 
numerous  towns  in  the  Canal  Zone,  excepting  within  the  Ancon 
Hospital  grounds,  and,  with  one  or  two  exceptions,  not  a  sewer 
or  water  system  on  the  entire  Isthmus. 
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By  the  end  of  the  year  1906  these  conditions  were  changed, 
to  the  extent  that  the  cities  of  Colon  and  Panama  had  been 
sewered;  streets  paved  with  brick  or  macadam  or  both;  and 
reservoirs  had  been  built  and  water  delivered  into  the  newly- 
laid  mains.  By  this  time  water  and  sewer  systems  had  also 
been  installed  in  the  principal  towns  along  the  line  of  the  Canal 
and  miles  of  macadam  roads  had  been  constructed. 

Up  to  this  time,  and  continuing  until  July  1,  1908,  all  mu- 
nicipal work  was  carried  on  under  one  head  in  charge  of  a 
Division  of  Municipal  Engineering.  Upon  this  latter  date,  the 
Canal  construction  work  was  divided  into  three  main  divisions, 
viz.,  Atlantic,  Central  and  Pacific,  and  all  municipal  work  lying 
within  the  territorial  limits  of  these  divisions  was  placed  in 
charge  of  the  division  heads.  This  applied  to  all  work  within 
the  Canal  Zone  and  lying  without  the  limits  of  the  cities  of 
Colon  and  Panama.  The  work  within  these  two  cities  was 
made  a  separate  and  distinct  section  and  placed  under  a  super- 
intendent at  the  head  of  a  Division  of  Public  Works. 

Prior  to  July  1,  1908,  all  sanitary  work  requiring  the  con- 
struction of  drainage  ditches,  the  draining  of  swamps,  etc.,  was 
carried  on  by  the  forces  of  the  Sanitary  Department.  Subse- 
quent to  this  date  and  continuing  to  the  present,  this  work  be- 
came a  part  of  the  municipal  engineering  work,  to  the  extent 
that  the  municipal  forces  located  and  constructed  the  ditches, 
drained  swamps,  etc.,  upon  the  request  of  the  Sanitary  Depart- 
ment. 

In  July,  1913,  all  municipal  work  within  the  Canal  Zone 
and  also  that  within  the  cities  of  Colon  and  Panama  was  with- 
drawn from  the  three  main  divisions  and  from  the  Division  of 
Public  Works,  which  was  abolished,  and  consolidated  to  form 
a  new  Division  of  Municipal  Engineering.  After  April  1,  1914, 
this  division  became  a  part  of  the  Department  of  Operation 
and  Maintenance  of  the  Canal,  and  as  such  becomes,  after  the 
completion  of  new  construction  work  described  below,  a  strictly 
maintenance  division,  covering  the  operation  of  pumping  sta- 
tions, water  purification  plants,  water  distribution  systems  and 
sewers,  and  road  and  street  maintenance  throughout  the  Canal 
Zone  and  in  the  cities  of  Colon  and  Panama. 

At  this  point  it  may  be  pertinent  to  state  that  all  municipal 
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work  within  the  limits  of  the  cities  of  Colon  and  Panama  has 
been  done  by  the  forces  of  the  United  States  Government,  the 
original  cost  to  be  ultimately  paid  by  the  Panama  Republic  at 
the  expiration  of  a  certain  term  of  years. 

All  house  water  connections  in  these  two  cities  are  metered 
and  the  receipts  from  water  rentals  are  collected  by  the  Mu- 
nicipal Division  and  applied  to  the  cost  of  maintaining  the 
streets,  sewers  and  water  systems.  The  city  of  Colon,  having 
a  population  of  approximately  17,000,  has  at  present  1000  me- 
tered connections.  The  net  rate  charged  is  40c.  per  thousand 
gallons  (3785  litres).  The  net  per  capita  consumption  per  day, 
exclusive  of  public-service  water,  is  approximately  40  gallons 
(151.4  litres).  In  Panama,  a  city  of  55,000,  there  are  2300 
metered  connections.  The  net  rate  charged  is'  25  cents  per 
thousand  gallons  (3785  litres).  The  net  per  capita  consump- 
tion per  day  is  40  gallons  (151.4  litres),  exclusive  of  public- 
service  water.  The  total  consumption,  based  per  capita  in 
Colon,  is  71  gallons  (268.7  litres),  and  in  Panama  65  gallons 
(246  litres) . 

STREET  AND  ROAD  WORK. 

In  general,  the  street  and  road  construction  on  the  Isthmus 
may  be  divided  into  the  following  classifications:  (1)  Brick 
pavement,  concrete  base ;  (2)  concrete  pavement ;  (3)  macadam, 
water-bound;  (4)  macadam,  water-bound,  oiled  surface;  (5) 
asphalt  concrete,  macadam  base;  (6)  gravel  roads. 

The  brick  and  concrete  street  pavements  are,  with  few 
exceptions,  confined  to  the  cities  of  Colon  and  Panama.  The 
remaining  types  are  found  in  all  the  towns  of  the  Canal  Zone, 
and  also  in  the  city  of  Panama. 

The  brick  and  concrete  pavements  were  placed  in  the 
streets  carrying  the  heaviest  traffic,  and  may,  in  general,  be 
said  to  have  given  the  most  satisfaction  and  to  have  been  the 
least  expensive  to  maintain. 

Typical  cross-sections  of  the  various  types  of  streets  and 
roads  are  shown  on  Plate  I. 

It  may  be  stated  that  water-bound  macadam  streets  and 
roads  have  been,  and  are,  the  standard  form  of  construction  on 
the  Isthmus.    The  use  of  crushed  rock  followed,  naturally,  the 
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opening  of  quarries  for  the  production  of  rock  used  for  the 
principal  masonry  structures  of  the  Canal.  Further,  it  was, 
and  is  at  this  writing,  the  aim  to  get  streets  and  roads  opened 
and  finished  for  service  in  the  least  practicable  time,  in  order 
to  meet  the  immediate  needs  of  rapidly  built  towns  that  grew 


Fig.  1.     Water-hound  Macadam  Road  after  Three  Years  of  Service  without  Repairs. 

into  existence  in  a  few  days  with  the  opening  of  work  at  some 
important  center  on  the  Canal.  Some  of  these  towns  flourished 
for  a  few  years,  perhaps  not  to  exceed  six,  and  disappeared 
with  the  completion  of  the  Canal  and  the  creation  of  the  Gatun 
Lake. 

The  streets  and  roads  were  laid  with  crushed  rock  as  it 
came  from  the  crushers  operating  primarily  and  exclusively,  as 
far  as  size  of  stone  was  concerned,  for  concrete  materials  only. 
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With  the  exception  of  the  street  and  road  work  done 
prior  to  1908,  the  crushed  rock  for  the  streets  of  Colon,  Cristo- 
bal, New  Gatun  and  Gatun  was  obtained  from  the  Porto  Bello 
crushers.  The  run  of  the  crusher,  screened  to  a  3-inch  (76.2 
mm)  size  was  the  only  grade  available  and  was  placed,  as  it 
came  on  the  road  or  street,  in  a  single  layer  6  inches  to  9  inches 
(152  mm  to  228  mm)  in  depth.  Sufficient  dust  was  extracted 
to  form  a  dressing  and,  following  a  thorough  rolling  by 
twelve-  to  fifteen-ton  steam  rollers,  the  surface  was  ready  for 
traffic. 

The  Porto  Bello  rock  is  more  or  less  remarkable  in  its  suit- 
ableness for  road  building.  It  is  an  andesite  without  planes  of 
cleavage  and  when  rolled  into  a  subgrade,  without  any  other 
treatment  than  a  dust  dressing  and  sprinkling,  it  forms  a 
closely  semi-cemented  surface  that  may  be  said  never  to  ravel. 
It  becomes  rough  due  to  the  wearing  away  of  the  dressing,  but 
in  few  instances  does  it  give  way  and  break  up,  as  is  a  com- 
mon characteristic  of  water-bound  macadam  roads.  Figure 
1  gives  an  excellent  idea  of  the  appearance  of  the  surface 
of  a  road  constructed  with  this  rock,  after  3  years  of  more 
or  less  heavy  traffic  under  both  self-propelled  and  horse- 
drawn  vehicles.  No  repairs  of  any  nature  have  been  made  to 
the  road  shown  in  this  view,  since  the  rock  was  first  laid. 

For  the  construction  of  streets  and  roads  south  of  Gatun, 
and  particularly  in  the  towns  of  Empire,  Culebra,  Pedro  Miguel, 
Corozal,  Ancon,  Balboa  and  the  city  of  Panama,  crushed  rock 
from  the  Ancon  quarry  is  used.  This  quarry  was  opened  and 
the  rock  crushed  primarily  for  the  construction  of  the  locks  and 
accessory  structures  at  the  southern  end  of  the  Canal.  This 
rock  is  graded  into  two  classes,  Nos.  1  and  2.  No.  1  rock  cov- 
ers any  size  held  on  a  2-inch  (50.8  mm)  screen  and  up  to  pieces 
as  large  as  6  inches  (152  mm) ;  No.  2,  any  size  passing  a  2-inch 
(50.8  mm)  screen  and  having  the  fine  dust  removed.  The  rock 
is  a  rhyolite  and  breaks  along  many  lines  of  cleavage,  and 
possesses  no  cementing  or  matting  characteristics  when  rolled 
under  conditions  obtaining  in  road  construction. 

The  water-bound  macadam  roads  and  streets  built  with 
the  above  described  rock  presented  difficulties  in  developing  a 
wearing  surface  that  would  not  ravel  under  traffic.    The  roads 
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Plato  III.     Water  Purification  Plant  at  Mount  Hope. 
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as  built  have  been  layed  with  a  6-inch  (152  mm)  thickness  of 
No.  1  rock  and  a  2-  to  2V2-inch  (50.8  to  63.5  mm)  thickness  of 
No.  2  rock.  A  top  dressing  1  inch  (25  mm)  in  thickness  of  the 
dust  and  screenings  from  the  No.  2  rock  completed  the  surface. 
This  character  of  road  or  street  invariably  requires  re-dressing 
and  re-rolling  within  a  short  time  after  first  opening  to  traffic, 
and  it  usually  requires  a  second  thorough  rolling  before  it  may 
be  considered  satisfactory.  As  might  be  expected,  the  use  of 
this  class  of  material  results  in  heavy  maintenance  costs.  The 
first  cost,  however,  is  comparatively  low — 75  cents  a  cubic  yard 
(0.765  cubic  meters)  for  the  rock  of  either  class  and  50  cents 
per  cubic  yard  (0.765  cubic  meters)  for  the  screenings.  Fig- 
ure 2  gives  a  typical  view  of  a  street  constructed  of  these 
materials. 

The  tendency  of  the  above  described  roads  and  streets  to 
ravel  and  to  become  excessively  dusty,  during  dry-season 
months,  led  to  the  use  of  crude  California  fuel  oil  applied  cold 
to  the  road  surface  after  the  dressing  had  been  thoroughly 
rolled.  This  is  an  additional  instance  of  making  use  of  ma- 
terial, for  road  and  street  work,  the  character  of  which  was 
primarily  determined  by  the  needs  of  work  in  connection  with 
Canal  construction  other  than  road  and  street  work. 

Best  results  have  been  realized  from  the  use  of  approxi- 
mately one-half  gallon  (1.9  litres)  of  crude  oil  to  each  square 
yard  (0.836  square  meters)  of  surface.  Roads  and  streets 
treated  in  this  manner  usually  require  re-surfacing  once  each 
year.  Figure  3  gives  a  typical  view  of  this  type  of  road  and 
street  after  six  months  of  traffic. 

In  the  districts  where  sea  water  is  readily  available  for 
road  or  street  sprinkling,  it  has  been  the  practice  to  make  use 
of  it  for  sprinkling  during  the  dry-season  months,  usually  De- 
cember to  May.  The  rapid  evaporation  of  the  water  leaves  a 
certain  amount  of  salt  on  the  road  surface,  and  it  was  found 
that  sprinkling  once  in  three  days  sufficed  to  bind  the  loose, 
fine  dust  on  the  surface  to  such  an  extent  that  little  ravelling 
takes  place  and  the  dust  nuisance  is  at  the  same  time  eliminated. 

In  the  building  of  the  new,  permanent  town  of  Balboa, 
where  will  be  housed  a  large  percentage  of  the  American  em- 
ployees on  the  operating  force  of  the  Canal,  it  was  decided  to 
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adopt  the  asphalt-concrete  type  of  construction  for  the  streets. 
This  work  is  at  the  present  writing  in  progress.  The  asphaltic 
concrete  will  be  laid  on  a  water-bound  macadam  base. 

The  total  amount  of  different  classes  of  streets  and  roads, 
in  miles  of  length,  constructed  and  maintained  by  the  Municipal 
Division  since  the  occupation  of  the  Americans,  is  given  in  the 
following  table: 

(1)  Brick  Pavements,  concrete  base 5.11  miles  (8.2  km 

(2)  Concrete   Pavement    2.50  "  (4.1    " 

(3)  Macadam,    water-bound 82.3  "  (132.7    " 

(4)  Macadam,  water-bound,  oiled  surface..  22.0  "  (35.5    " 

(5)  Gravel  Road  2.9  "  (4.7    " 


Total  114.81       "      (185.2    "  ) 

SEWERS. 

The  construction  of  sewer  and  drainage  systems  was  car- 
ried along  simultaneously  with  the  street,  road  and  water- 
supply  work  in  all  the  towns  of  the  Canal  Zone  and  in  the  cities 
of  Colon  and  Panama. 

With  the  exception  of  the  city  of  Colon,  the  sewage  from 
all  towns  in  the  Canal  Zone  and  from  Panama  City  is  disposed 
of  by  gravity  flow  through  laterals  to  main  outfalls,  finally 
emptying  into  the  Canal,  or,  as  in  the  instance  of  Panama  City, 
into  the  Bay  of  Panama.  This  work  presented  no  unusual  prob- 
lems and  was  simply  a  matter  of  getting  the  laterals  and  out- 
falls into  service  with  the  least  practicable  delay. 

In  the  case  of  the  city  of  Colon,  the  sewage  disposal  was 
somewhat  more  complicated,  in  that  the  elevation  of  the  streets 
is  little  above  mean  sea-level.  The  maximum  elevation  is  ap- 
proximately 8.0  feet  (2.44  meters)  and  the  minimum  2.5  feet 
(762  mm).  This  condition  required  the  pumping  of  all  sewage, 
and,  accordingly,  a  sewage  pumping  station  was  installed  near 
the  center  of  the  city. 

This  station  comprises  a  sump  30  feet  by  30  feet  (9.14 
meters  by  9.14  meters)  in  plan,  with  its  invert  20  feet  (6.096 
meters)  below  sea-level.  The  roof  of  this  sump,  forming  the 
floor  for  carrying  the  pumps,  was  placed  at  elevation  8.72  feet 
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(2.65  meters)  below  sea-level  and  was  designed  for  full  upward . 
static  pressure  due  to  sewage  standing  at  sea-level. 

The  pumping  equipment  consists  of  two  single-stage,  vo- 
lute, centrifugal  pumps,  dredging  type,  direct  connected  to  in- 
duction motors.  Each  pump  has  a  capacity  of  2500  gallons 
(9462  litres)  per  minute  against  a  total  head  of  65  feet  (19.81 
meters).  The  discharge  line  from  these  pumps  is  a  12-inch 
(304.8  mm)  diameter  cast-iron  main,  which  discharges  into  an 
arm  of  Manzanillo  Bay,  to  the  south  of  the  city  and  distant 
from  the  station  about  4000  feet  (1.22  km). 

Approximately  2,000,000  gallons  (7,570,000  litres)  of 
sewage  per  day  of  24  hours  were  handled  by  these  pumps  dur- 
ing the  year  ending  June  1,  1914.  It  will  be  noted  that  this 
amount  is  in  excess  of  the  total  consumption  of  water  in  the 
city,  which  is  readily  explained  by  the  statement  that  although 
separate  drainage  and  sewer  systems  are  in  use,  a  large  amount 
of  ground  water  finds  its  way  into  the  sewers  through  poor  joint 
work  done  at  the  beginning  of  the  construction  work,  when 
labor  was  of  practically  negligible  ability  and  almost  useless. 

Both  separate  and  combined  sewage  and  drainage  systems 
have  been  installed  on  the  Isthmus.  In  the  city  of  Panama,  the 
original  installations  were  on  the  combined  system,  and  this 
policy  was  continued  up  to  the  year  1913,  since  which  time  the 
policy  has  been,  so  far  as  possible,  to  install  separate  systems 
where  practicable. 

In  the  city  of  Colon,  a  separate  system  was  installed  in  the 
beginning,  and,  in  general,  has  given  better  satisfaction  than 
the  combined  systems  in  Panama  and  in  the  towns  along  the 
line  of  the  Canal. 

The  torrential  rain-fall  during  part  of  the  year  requires 
drainage  systems  and  storm  sewers  of  comparatively  enormous 
cross-section,  in  order  to  provide  reasonably  rapid  run-off.  Be- 
ginning in  December  and  lasting  generally  to  May,  the  rain- 
fall drops  almost  to  zero.  Under  the  combined  drainage  sys- 
tem, this  condition  results,  during  the  rainy  season,  in  the  flood- 
ing of  sewers,  and  during  the  dry  season  in  offensive  odors,  due 
to  lack  of  sufficient  water  to  flush  properly  the  comparatively 
large  sewers.  In  the  city  of  Panama,  there  are  periods  during 
the  dry  season  when,  even  though  a  great  deal  of  water  is  used 
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in  attempts  to  flush  properly  the  sewers,  many  complaints  arise 
because  of  offensive  odors  emanating  from  the  sewers.  In  the 
city  of  Colon  and  in  the  towns  along  the  line  of  the  Canal  where 
the  separate  systems  are  used,  this  condition  does  not  arise. 

The  estimated  total  number  of  miles  of  vitrified  sewers  and 
drains  of  all  sizes  and  character,  laid  and  maintained  in  the 
towns  of  the  Canal  Zone  and  the  cities  of  Colon  and  Panama, 
amounts  to  73  miles  (117.5  k).  The  total  length  of  reinforced- 
concrete  storm  sewers  amounts  to  4  miles  (6.4  k). 

DOMESTIC  WATER  SUPPLY. 

From  the  beginning  of  the  work  on  the  Canal  by  the  Ameri- 
can forces,  the  providing  of  adequate  and  suitable  water,  for 
both  domestic  and  industrial  use,  has  been  by  far  the  most 
interesting  and  difficult  problem  handled  by  the  Municipal  En- 
gineering Division. 

The  first  work  undertaken  in  1904  was  the  placing  of  a 
gravity  supply  in  the  city  of  Panama  and  in  the  towns  south 
of  Culebra.  The  French  canal  company  had  constructed  a  res- 
ervoir on  the  Rio  Grande,  a  short  distance  south  of  Cu- 
lebra". The  masonry  dam  forming  the  impounding  reservoir 
was  raised  17  feet  (5.18  meters),  thus  placing  the  elevation  of 
its  spillway  at  235  feet  (71:6  meters)  above  mean  sea-level.  The 
usable  volume  of  the  reservoir,  without  flash-boards,  amounts 
to  315,000,000  gallons  (1,193,000,000  litres),  and  the  tributary 
watershed  is  three  square  miles  (777.0  hectares)  in  area. 

A  16-inch  (406.4  mm)  diameter  cast-iron  bell  and  spigot 
main  was  laid  from  this  reservoir  to  Ancon,  at  the  city  limits 
of  Panama,  a  distance  of  52,000  feet  (15.85  km).  On  a  de- 
tached hill,  at  this  point,  was  constructed  a  concrete  receiving 
reservoir,  having  a  capacity  of  1,000,000  gallons  (3,785,430 
litres),  at  an  elevation  of  135  feet  (41.2  meters)  above  mean 
sea-level.  This  system  provided  an  adequate  supply  for  points 
of  consumption  up  to  elevation  100  ft.  (30.48  meters).  For 
points  above  this  elevation,  small  steam-driven  pumps  were  in- 
stalled as  boosters,  pumping  into  small  tanks  on  the  side  of 
Ancon  hill  at  elevation  300  ft.  (91.44  meters). 

In  1906,  pressure  filters  of  the  Continental  Jewel  type  were 
installed    at   Ancon;    at   first    three    units    of    500,000    gallons 
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(1,897,720  litres)  daily  capacity  each,  then  later  two  additional 
units  of  the  same  capacity  each.  The  water  was  treated  with 
crystal  alum,  without  sedimentation  prior  to  entering  the  filters, 
and  the  resulting  effluent  showed  some  reduction  in  color,  tur- 
bidity and  iron. 

In  1911,  the  increasing  water  demands  made  necessary  the 
laying  of  an  additional  main  from  Rio  Grande,  and  a  20-inch 
(508  mm)  diameter  cast-iron  line  was  placed  in  service  early 
in  1912.  The  Rio  Grande  supply  became  by  this  time  inade- 
quate, and  pumping  from  the  Cocoli  River  directly  into  the 
mains  was  resorted  to  in  order  to  make  up  the  deficiency.  The 
Cocoli  River  is  located  directly  west  of  the  Miraflores  locks  and 
about  6  miles  (9.65  km.)  south  of  Rio  Grande. 

The  Rio  Grande  watershed  was  uninhabited  and  was  made 
a  reserve,  so  that  the  possibility  of  contamination  was  elimin- 
ated. The  physical  character  of  this  water,  covering  a  period 
of  six  months — November,  1913  to  April,  1914,  both  inclusive 
— follows : 

Monthly  Analyses — Eio  Grande  Reservoir. 
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The  above  water-supply  system  continued  in  use  until  the 
approaching  completion  of  the  Miraflores  locks  and  the  crea- 
tion of  the  Miraflores  Lake,  in  July,  1913,  when  the  question  of 
an  entirely  new  and  permanent  water  supply  was  taken  up, 
resulting  in  the  project  under  construction  at  the  present  time, 
and  described  below  under  the  section — "Permanent  Water 
Supply  for  Southern  End  of  Panama  Canal". 

*  Diluted  with  water  from  Miraflores  Lake. 
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The  water  supply  for  the  city  of  Colon  and  the  towns  of 
Cristobal  and  Mount  Hope,  at  the  northern  end  of  the  Canal, 
was  second  only  in  importance  to  that  for  the  southern  end 
of  the  Canal.  This  work  was  taken  up  in  1905  and  resulted  in 
the  construction  of  an  earthen  dam  and  the  formation  of  a  res- 
ervoir on  Brazos  Brook,  a  stream  located  about  one  and  one- 
half  miles  (2.4  km.)  south  of  Mount  Hope.  This  dam  is  about 
45  feet  (13.7  meters)  in  height,  2810  feet  (856  meters)  in  length, 
and  impounds  650,000,000  gallons  (2,460,000,000  litres)  of 
water.  The  elevation  of  the  spillway  is  50  feet  (15.24  meters) 
above  mean  sea-level.  From  the  reservoir  to  Mount  Hope  was 
laid  a  20-inch  (50.8  cm)  diameter  bell  and  spigot  main,  where 
was  installed  a  steam  pumping-station  and  pressure  filter-plant 
of  4  units,  similar  to  the  one  described  above  for  Panama  City. 
From  this  station,  a  20-inch  (508  mm)  main  was  laid  to  Colon, 
about  two  miles  (3.22  km.)  distant,  and  the  water  flowing  by 
gravity  from  Brazos  Brook  to  the  pumping  station  was  pumped 
directly  into  the  mains,  through  the  pressure  filters.  A  little 
later  a  300,000-gallon  (1,135,632  litres)  capacity  sedimentation 
basin  was  constructed,  and  the  water,  after  having  been  given 
a  dose  of  aluminum  sulphate  and  two  to  three  hours'  sedimen- 
tation, was  passed  to  the  filters.  Just  prior  to  this,  a  450,000- 
gallon  (1,705,000  litres)  capacity  steel  stand-pipe  was  erected 
immediately  above  the  pump  station  and  used  as  a  surge  tank 
and  reserve  supply. 

The  character  of  the  Brazos  Brook  water,  based  on  an 
average  for  a  period  of  six  months  (March,  April  and  May, 
1913  and  1914) ,  is  given  below : 

Chemical  Analysis  of  Raw  Water  from  Brazos  Brook  Reservoir. 
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During  the  rainy  season  months,  the  run-off  from  the 
watershed  of  Brazos  Brook  was  sufficient  to  provide  for  all  de- 
mands, but  as  the  daily  consumption  approached  3,000,000  gal- 
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Ions  (11,356,320  litres),  the  dry-season  flow  and  the  storage 
became  inadequate  and  resort  had  to  be  made  to  pnmping  from 
a  supplementary  supply. 

The  above  described  system  continued  until  1912,  when  it 
became  necessary  to  enlarge  and  provide  a  permanent,  adequate 
and  suitable  supply.  This  resulted  in  the  construction  of  the 
present  water  works  and  purification  plant  described  below. 

The  water  supplies  for  the  towns  of  Culebra,  Empire  and 
Gorgona  were  next  in  importance,  and  work  was  commenced 
early  in  1906  and  1907  on  the  construction  of  two  reservoirs, 
one  on  the  Camacho,  a  stream  in  the  hills  back  of  Empire,  and 
one  on  the  Carabali,  a  stream  near  Gorgona. 

The  Camacho  dam  is  an  earthen  structure  with  a  concrete 
core  wall.  Its  length  on  crest  is  320  feet  (97.5  meters) ;  the 
maximum  height  is  about  70  feet  (21.33  meters),  and  it 
impounds  296,000,000  gallons  (1,120,360,000  litres).  The  water 
from  this  reservoir  flows  by  gravity  to  a  steam  pumping-station, 
and  is  then  pumped  directly  into  the  mains.  This  supply  early 
became  inadequate,  as  the  construction  work  in  the  Culebra  cut 
expanded,  and  resort  was  had  to  pumping  both  from  the  Rio 
Grande  reservoir  and  the  Chagres  River  at  Gamboa. 

The  reservoir  for  supplying  water  to  the  town  of  Gorgona 
was  constructed  in  1906.  This  dam  was  smaller  than  that  at 
Camacho,  being  approximately  30  feet  (9.14  meters)  in  height 
and  impounding  80,000,000  gallons  (302,835,200  litres).  A 
pumping  station  was  necessary  at  this  point  also,  and  by  1909 
the  Culebra,  Empire  and  Gorgona  systems  were  made  continu- 
ous by  the  opening  up  of  the  intermediate  towns  of  Bas  Obispo 
and  Las  Cascadas.  During  the  height  of  the  work  in  the 
Culebra  cut,  these  water  supplies,  supplemented  by  the  Rio 
Grande  and  Chagres  River  pumping  stations,  furnished  in  the 
neighborhood  of  4,000,000  gallons  (15,147,600  litres)  daily. 

The  water  from  the  reservoirs  was  high  in  color,  contained 
iron  as  high  as  2.5  parts  per  million  and  at  times  was  turbid  to 
the  extent  of  50  parts  per  million.  It  was  free  from  contamina- 
tion as  it  left  the  reservoirs,  but  was  not  agreeable  to  the  taste. 
This,  combined  with  the  possibility  of  contamination  after  reach- 
ing the  mains,  due  to  the  mingling  of  the  Chagres  River  water 
as  a  supplementary  supply,  resulted  in  the  establishing  of  small 
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local  steam  sterilizing  plants  at  Empire,  Las  Caseadas,  Bas 
Obispo  and  Gorgona.  Sufficient  water  was  sterilized  at  these 
plants  to  provide  a  safe  and  more  desirable  drinking  water, 
which  was  delivered  by  carts  to  the  consumer. 

Today  Gorgona  and  Bas  Obispo  have  gone  out  of  existence, 
by  reason  of  the  completion  of  the  Canal  work,  and  in  a  short 
time  Culebra,  Empire,  and  possibly  Las  Caseadas,  will  follow, 
with  the  abandonment  of  the  reservoirs.  As  each  town  is 
demolished,  the  water  mains  are  removed  and  used  again  in  the 
extensions  at  the  southern  end  of  the  Canal,  where  concentra- 
tion is  taking  place. 

The  creation  of  the  town  of  Gatun  made  necessary  the  con- 
struction of  a  water  works  for  this  place,  and  while  at  the  begin- 
ning of  1907  water  from  the  Chagres  River  was  pumped  directly 
into  the  mains  and  drinking  water  was  supplied  by  cart  delivery 
after  sterilization,  as  described  above,  the  design  and  construc- 
tion of  a  permanent  reservoir,  purification  plant  and  pumping 
station  was  early  taken  up  and  finally  completed  and  placed  in 
service  in  January,  1911.  This  plant  is  described  in  detail 
below. 

AGUA  CLABA  WATEE  WOKKS  AND  PUBIFICATTON  PLANT. 

Prom  1906  to  1908  the  supply  for  Gatun  was,  as  stated, 
obtained  by  pumping  Chagres  River  water  directly  into  the 
mains.  In  1908  a  400,000-gallon  (1,514,176  litres)  tower  tank 
was  erected  and  placed  in  service  as  a  surge  tank  and  reserve. 
Following  this,  studies  for  a  permanent  supply  were  taken  up, 
and  it  was  decided  to  construct  a  reservoir  on  a  creek  named 
Agua  Clara,  about  1%  miles  (2.42  km.)  northeast  of  the  town, 
install  electric-driven  pumps  and  later  a  purification  plant. 

The  Agua  Clara  dam,  as  constructed,  is  a  composite  earth 
and  rock-fill  structure,  without  core  wall.  The  downstream,  or 
rock-fill,  side  was  dumped  into  place  from  cars.  The  upstream 
side,  consisting  of  selected  clay,  was  placed  in  layers  by  scraper 
method. 

The  extreme  height  is  55  feet  (16.72  meters) ;  crest  length, 
650  feet  (198.1  meters) ;  upstream  slopes,  1  on  3% ;  downstream 
slopes,  1  on  1.  The  volume  of  water  impounded,  with  spillway 
crest  68  feet  (20.7  meters)  above  sea-level,  is  615,000,000  gallons 
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(2,328,000,000  litres).  The  area  of  the  watershed  is  one  square 
mile  (259  hectares) ;  the  average  yearly  rainfall  on  this  shed  is 
135  inches  (3.42  meters). 

The  character  of  the  water  from  this  reservoir,  based  on 
an  average  for  a  period  of  six  months,  December,  1913,  to  May, 
1914,  inclusive,  is  shown  below : 
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Prior  to  the  construction  of  the  purification  plants  as  a 
part  of  the  Agua  Clara  water  works,  the  water  from  the  gate 
house  flowed  by  gravity,  through  a  16-inch  (406  mm)  main, 
directly  into  the  suction  side  of  pumps  in  the  pump  station 
located  near  the  downstream  toe  of  the  dam. 

This  pump  station  is  a  single-story  concrete  building,  hous- 
ing two  3-stage,  direct-connected,  motor-driven,  centrifugal 
pumps.  These  pumps  have  a  capacity  of  1400  gallons  (5299 
litres)  per  minute  against  a  total  head  of  300  feet  (91.4  meters). 
The  motors  are  175  hp.,  induction,  slip-ring  type,  operating  on 
3-phase,  25-cycle,  440-volt  current.  The  water  reaches  the 
general  distributing  system  of  Gatun  through  a  12-inch  (304.8 
mm)  cast-iron  main,  off  which  is  connected  the  400,000-gallon 
(1,514,176  litres)  capacity  steel  tower  tank  referred  to  above. 

In  the  latter  part  of  1910,  it  was  decided  that,  in  view  of 
the  permanency  of  Gatun  as  a  town,  steps  should  be  taken  to 
treat  the  water,  with  a  view  to  the  elimination  of  objectionable 
iron,  color,  taste  and  turbidity  present  at  all  times  in  varying 
degrees.  The  design  of  a  plant  for  this  purpose  was  undertaken 
by  the  writer,  and  following  a  more  or  less  extensive  series  of 
experiments,  the  so-called  rapid  gravity  mechanical  type  of 
filter  was  adopted.  The  following  description  covers  the  plant 
as  built  and  now  in  operation. 

Plate  II  gives  a  plan,  section  and  elevation  of  the  entire 
plant,  including  pumping  station,  clear-water  well  and  labora- 
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Fig.  4.     Agua  Clara  Purification  Plant,  Gatun  Water   System. 
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Plate  II.     Water  Purification  Plant  at  Agua  Clara. 


Digitized  by  Microsoft® 


172  MUNICIPAL  ENGINEERING  AND  WATER  SUPPLY 

tory  (see  Figure  4).  The  purification  plant  includes  a  mixing 
chamber  5  ft.  x  30  ft.  6  in.  (1.52  m.  by  9.30  m.),  divided 
into  8  compartments  by  walls  forming  submerged  and  over- 
fall weirs ;  a  sedimentation  basin  70  ft.  6  in.  x  70  ft.  6  in.  x  10  ft. 
(21.5  x  21.5  x  3.05  m) ;  a  filter  building  containing  4  filter  beds 
17  ft.  x  17  ft.  x  9  ft.  (5.18  x  5.18  x  2.73  meters)  on  the  ground 
floor,  and  chemical  mixing  tanks  and  storage  on  the  second 
floor;  a  clear-water  basin,  225,000  gallons  (851,625  litres)  capac- 
ity, detached  from  the  filter  building;  a  wash-water  tank  of 
20,000  gallons  (75,700  litres)  capacity,  located  on  a  hill  about 
500  feet  (152.4  meters)  distant ;  and  a  fully  equipped  laboratory. 

The  plant  is  designed  for  a  maximum  capacity  of  2,500,000 
gallons  (9,462,500  litres)  per  day  of  24  hours.  The  filters  operate 
without  negative  head  at  a  rate  of  from  100,000,000  to  125,000,000 
gallons  (935  to  1170  million  litres  per  hectare)  per  acre  per  day. 
The  under-drainage  system  consists  of  2-inch  (50.8  mm) 
diameter  galvanized-iron  pipes,  perforated  on  the  lower  side  by 
7/32-ineh  (5.5  mm)  holes  spaced  on  3-inch  (76.3  mm)  centers. 
The  pipes  are  spaced  on  6-inch  (152.4  mm)  centers.  The  com- 
bined wash-water  and  air  system  is  used.  The  wash  rate  aver- 
ages 9  gallons  per  square  foot  (366  litres  per  square  meter)  of 
area  per  minute.  The  air  is  furnished  by  motor-driven  air  com- 
pressors, located  in  the  pump  station.  These  machines  deliver 
the  air  at  100  lbs.  per  square  inch  (7.03  kg.  per  sq.  cm.)  pres- 
sure to  a  large  receiver,  from  which  the  air  is  drawn  for  agita- 
tion in  the  filter  bed  at  about  5  lbs.  per  square  inch  (.35  kg.  per 
sq.  cm.)  pressure. 

The  filter  medium  consists  of  a  layer  of  gravel  9  inches 
(228.6  mm)  in  depth,  having  a  mean  size  of  %  inch  (16  mm), 
and  a  3-ineh  (76.2  mm)  layer  having  a  mean  size  of  from  % 
inch  to  %  inch  (6.3  to  9.5  mm).  Above  this  is  placed  a  layer  of 
sand  30  inches  (762  mm)  in  depth,  having  a  mean  effective  size 
of  0.35  mm  and  a  uniformity  coefficient  of  1.6. 

The  sedimentation  basin  is  operated  on  the  continuous  prin- 
ciple and  gives  three  hours'  sedimentation  at  maximum  output 
of  filters. 

A  large  percentage  of  the  iron  content  of  the  water  is  in 
solution,  and  experiments  with  compressed  air,  as  a  substitute 
for  natural  aeration,  indicated  that  aeration,  as  a  preliminary 
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treatment  prior  to  the  application  of  alumina  sulphate,  would 
throw  down  an  appreciable  percentage  of  the  iron,  and  thus 
result  in  a  saving  in  the  amount  of  alum  required  to  remove  the 
color.  This  idea  was  followed  out  in  the  design  of  the  Mt.  Hope 
plant,  described  below,  and,  at  times,  compressed  air  injected 
into  the  water  at  Agua  Clara  is  of  considerable  assistance  as  a 
crude  pre-treatment. 

The  following  table  gives  the  results  of  operation  of  this 
plant  covering  a  period  of  six  months  ending  May,  1914 : 


O  Q, 

s 

a 

Bacteria 
per  c.  c. 

Times  B.  Coli  pre- 
sent 

Agar  38 
degs.  C. 

Raw 

Filtered 

a 
o 
S 

m 

•a 
a 
a 
o 
Ph 

bo 

u 

s« 

o 

•a 
£ 

o 

ci 
© 

ci 
ci 

Dec,  1913 

Jan.,  1914 

Feb.,  1914 

Mch.,1914 

Apr.,  1914 

May,  1914 

45,007,000 
41,482,000 
35,839,000 
43.402,000 
40,598,000 
44,049,000 

6.0 
5.0 
6.0 
6.2 
5.6 
6.2 

12,655 
12,152 
14,443 
16,585 
16,550 
15,987 

1.9 
2.0 
2.7 
2.5 
2.8 
2.45 

380 
207 
357 
580 
524 
84 

100 
120 
175 
360 
358 
•191 

13 
17 
12 
19 
15 
13 

1 
9 
4 
0 
8 
6 

1 
2 
-     0 
0 
3 
1 

0 
0 
0 
0 
0 
0 

The  total  cost  of  the  Agua  Clara  Water  Works,  including- 
reservoir,  was  $250,000.00. 

NEW  MOUNT  HOPE  WATER  WORKS  AND  PURIFICATION  PLANT. 

As  stated  above,  the  Brazos  Brook  reservoir  supply  had  by 
1911  become  inadequate,  and  the  original  pumping  plant  and 
pressure  filter  plant  at  Mount  Hope  had  become  unsuited  as  a 
part  of  the  permanent  water  works  for  Colon  and  Cristobal. 

The  design  and  construction  of  an  entirely  new  plant  was 
taken  up  by  the  writer  in  the  latter  part  of  1911,  and  in  Febru- 
ary, 1914,  the  plant  as  described  below  was  placed  in  service. 

The  upper  reaches  of  the  Brazos  Brook  reservoir  are  sep- 
arated at  several  points  from  the  Gatun  Lake  area  by  high;  nar- 
row ridges.  For  the  purpose  of  supplementing  the  supply  from 
the  watershed  of  the  Brazos  Brook,  a  tunnel  700  feet  (213.4 
meters)  in  length  was  driven  through  the  ridge  into  the  Gatun 
Lake  at  an  elevation  of  76  feet  (23.2  meters),  or  3  feet  (0.915 

*  Undergrowths — filters  being  overhauled. 
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meters)  below  low  water  in  the  lake.  This  work  was  done 
before  the  level  of  water  in  Gatun  lake  was  above  elevation  50 
(15.24  meters).    The  tunnel  is  in  rock  throughout  its  length. 

In  this  tunnel  was  laid  a  20-inch  (508  mm)  diameter  cast- 
iron  main,  ending  on  the  Gatun  Lake  side  in  a  concrete  gate 
house  and  screen  chamber.  The  head  of  the  tunnel  was  filled 
with  concrete  for  a  distance  of  30  feet  (9.14  meters)  back 
towards  Brazos  Brook,  and  the  Brazos  Brook  portal  was  also 
sealed  with  concrete.  This  pipe  was  extended  down  to  the  level 
of  the  water  in  the  Brazos  Brook  reservoir  and  ended  in  a  con- 
trol chamber.  In  this  control  chamber  was  placed  a  16-inch 
(406.4  mm)  hydraulic  valve,  actuated  by  a  float-operated  piston 
valve  automatically  admitting  water  to  the  16-inch  (406.4  mm) 
valve  cylinder,  either  opening  or  closing  it  as  the  surface  level 
in  the  reservoir  rose  or  fell.  By  this  means  is  provided  an  auto- 
matically controlled  and  unlimited  supplementary  supply  to  the 
Brazos  Brook  supply. 

The  new  pump  station  and  purification  plant  is  located 
immediately  adjacent  to  the  old  plant  at  Mt.  Hope,  referred  to 
on  page  13,  and  about  6100  feet  (1.86  km.)  distant  from  the 
reservoir  at  Brazos  Brook. 

The  plant  is  designed  for  a  maximum  capacity  of  7,500,000 
gallons  (28,387,500  litres)  per  day,  and  to  provide  for  this  an 
additional  20-inch  (508  mm)  cast-iron  main  was  laid  from  the 
reservoir  to  the  plant.  The  limited  head  available  to  and 
through  the  different  parts  of  the  plant  added  many  difficulties 
to  the  design. 

The  purification  plant  consists  of  aeration  basin,  head- 
house,  mixing  chambers,  sedimentation  basin,  and  filter  build- 
ing containing  clear-water  basin,  filters,  solution  tanks,  alum- 
storage  rooms  and  laboratory  and  quarters. 

Immediately  adjacent  to  the  filter  building  is  located  the 
pumping  station.  The  equipment  in  the  station  consists  of  three 
2000-gallon  (7570  litres)  per  minute,  direct-connected,  cen- 
trifugal pumps,  motor  driven;  two  3000-gallon  (11,355  litres) 
per  minute  fire  pumps,  same  type ;  and  two  motor  gear-driven 
air  compressors,  straight-line  type,  with  air  receivers.  The 
pump  motors  operate  on  2200-volt,  3-phase,  25-cycle  current,  the 
air  compressors  on  220-volt  current. 
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The  2000-gallon  (7570  litres)  pumps  are  designed  for  main- 
taining a  50-lb.  per  square  inch  (3.5  kg.  per  sq.  cm.)  pressure  in 
the  mains  for  regular  service.  The  fire  pumps  are  designed  to 
maintain  100  lbs.  per  square  inch  (7.03  kg.  per  sq.  cm.)  pres- 
sure under  fire  conditions. 

These  pumps  take  their  water  from  a  sump  beneath  the 
floor  of  the  station,  which  is  connected  by  a  culvert  with  the 
clear-water  basin  beneath  the  filter  building.  The  pumps  oper- 
ate directly  on  the  main,  and  the  450,000-gallon  (1,705,000  litres) 
tank  referred  to  on  page  13  is  used  for  wash-water  supply  to  the 
filters  and  for  reserve,  in  addition  to  the  clear-water  basin 
supply. 

The  aeration  basin,  66  x  84  ft.  (20.2  x  25.6  m)  in  plan,  con- 
tains 85  movable  cone  nozzles,  connected  in  5  banks  of  17  nozzles 
each,  through  main-line  horizontal  shafting  and  rocker  arms,  to 
float  stems,  leading  down  through  the  floor  of  the  basin  to  floats 
resting  in  a  float  box  running  the  entire  length  of  the  basin. 
This  float  box  is  connected  with  the  receiving  chamber  at  the 
head  of  the  filters  in  such  a  way  that  the  water  level  at  both 
places  stands  at  the  same  elevation.  The  floats,  rising  and  fall- 
ing, open  or  close  the  cones,  and  thus  automatically  meet  the 
water  fluctuations  in  the  output  from  the  filters,  due  to  units 
going  in  or  out  of  service. 

The  water  is  thrown  out  from  the  surface  of  the  cones  at 
an  angle  of  30  degrees  and,  breaking  into  fine  spray,  falls  to 
the  floor  of  the  aeration  basin. 

The  head-house  and  mixing  chamber  are  placed  between 
the  sedimentation  basin  and  the  aeration  basin,  and  the  water 
receives  its  aluminum  sulphate  as  it  passes  from  the  aeration 
basin  over  weirs.  The  head-house  contains  the  measuring 
devices  for  applying  the  alum  in  proper  amounts.  The  solution 
is  mixed  in  tanks  located  on  the  third  floor  of  the  filter  building 
and  flows  to  the  head-house  by  gravity. 

The  mixing  chambers  comprise  3  baffled  compartments 
9  ft.  x  20  ft.  (2.74  x  6.09  meters)  in  length,  each  compartment 
corresponding  to  a  main  division  of  the  sedimentation  basin. 

The  sedimentation  basin  is  172  x  172  feet  (52.4  x  52.4 
meters)  in  plan  by  13  ft.  6  in.  (4.11  meters)  in  depth  and  has  a 
capacity  of  2,500,000  gallons  (9,462,500  litres).    It  is  operated  on 
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the  continuous  plan  and  gives  8  hours'  sedimentation  at  full 
capacity  of  niters.  Lack  of  space  forbids  discussing  the  details 
of  operation  of  this  basin. 

The  filter  building  is  located  at  the  opposite  end  of  the  sedi- 
mentation basin  from  the  mixing  chamber  and  is  approximately 
64  ft.  x  72  ft.  6  in.  (19.5  x  22.1  meters)  in  plan. 

The  clear-water  basin,  holding  520,000  gallons  (1,968,200 
litres),  forms  the  basement  and  foundation  for  the  building. 
Located  directly  over  this  basin  and  supported  on  columns  are 
the  six  filter  beds,  ranged  3  on  each  side  of  the  pipe  gallery 
below  and  operating  floor  above. 

Each  filter  is  18  ft.  8  in.  x  27  ft.  6  in.  (5.7  x  8.38  meters)  in 
plan  by  10  ft.  3  in.  (3.13  meters)  in  depth,  and  is  laid  with  a 
gravel  depth  of  21  inches  (533  mm)  and  a  sand  depth  of  30 
inches  (762  mm).  Commencing  at  the  bottom  of  the  filter  there 
is  a  10-inch-thick  (250  mm)  layer  of  gravel  having  a  mean  size 
of  approximately  one  inch  (25  mm) ;  next  above  this  is  a  layer 
7  inches  (177.8  mm)  thick  having  a  mean  size  of  %  to  %  inch 
(12.7  to  16  mm)  and  above  this  layer  is  laid  4  inches  (101.6  mm) 
of  fine  gravel  having  an  effective  size  from  %  to  %  inch  (3.2  to 
6.4  mm).  The  sand  rests  directly  on  this  upper  layer  of  fine 
gravel  without  separating  screens.  The  mean  effective  size  of 
the  sand  is  0.42  mm  and  uniformity  coefficient  1.6. 

The  under-drainage  system  is  similar  to  that  placed  in  the 
Agua  Clara  filters,  and  is  figured  for  11  gallons  per  square  foot 
(447  litres  per  square  meter)  of  filtering  surface  per  minute, 
wash-water  rate.  Air  is  used  for  agitation  of  the  bed  as  a  part 
of  the  washing  operation.  All  valves  are  hydraulically  actuated 
and  operated  from  slate-top  operating  tables.  The  filters  may  be 
operated  with  or  without  negative  head.  The  wash-water 
troughs  are  of  concrete,  and  comprise  one  main,  centrally 
located  trough  with  4  laterals  on  each  side.  Electric  light 
indication  is  used  for  indicating  filters  in  or  out  of  service  or 
ready  for  cleaning.  Effluent  controllers  are  specially  designed, 
simple  open  type,  and  discharge  through  bronze  orifices  in  the 
floor  of  the  pipe  gallery  into  the  clear-water  basin. 

The  third  floor  over  the  filters  carries  two  solution  mixing 
tanks,  and  provides  nine  months '  storage  of  alum.  On  this  floor 
is  also  located  a  laboratory,  equipped  for  the  simple  analyses 
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of  water,  and  off  this  room  are  provided  living  quarters  for  the 
chemist  in  charge  of  operation.  The  following  table  gives  the 
results  of  the  first  three  months  of  operation  of  this  plant — 
March,  April  and  May,  1914 : 


Maxell,    1914 

Gallons  treated    Gallons  pumped    Wash  water 
119,825,000  103,696,000  13,073,000 


Filters 

washed 

322 


Ave.  minutes 

wash  water 

7.0 


Alum 
Pounds       Grs.  gal. 
32,250  1.88 


Gallons  filtered  %  Wash  water 
116,769,000  11.2 

Ave.  filter  hrs.  Ave.  No.  filters 
per  day  service 

88.8  3.7 


Ave.  length  run 

between  washings 

8.5  hrs. 


Ave.  percent  of  time 
filters  in  service 
60.2 


Bate    of    all    filters    100,000,000    gallons 
per  acre. 


I 


April,   1914 


Gallons  treated    Gallons  pumped    Wash  water 
126,351,000  111,218,000  11,800,000 


Filters 

washed 

291 


Ave.  minutes 

wash  water 

8.0 


Alum 
Pounds       Grs.  gal. 
41,515  2.33 


Gallons  filtered  %  Wash  water 
123,018,000  9.6 

Ave.  filter  hrs.  Ave.  No.  filters 
per  day  service 

81.6  3.4 


Ave.  length  run 
between  washings 
8.7  hrs. 


Ave.  percent  of  time 

filters  in  service 

58.2 


Bate   of   all   filters    104.4   million   gallons 
per  acre. 


May,    1914 

Gallons  treated    Gallons  pumped    Wash  water     Gallons  filtered  %  Wash  water 
123,541,000  108,876,000  10,776,000  119,652,000  9.0 


Filters 

washed 

222 


Ave.  minutes 

wash  water 

8.4 


Alum 
Pounds       Grs.  gal. 
44,344  2.5 


Ave.  filter  hrs.  Ave.  No. filters 
per  day  service 

77.0  3.2 


Ave.  length  run  Ave.  percent  of  time  _.                 „                     .          ....            ,, 

between  washings  filters  in  service  Kate  of  a11  fllters   10iA   miIllon   gallons 

,,.  „  ,  per  acre. 

10.7  hrs.  53.6 


The  new  water  works  complete,  as  described  above,  cost, 
ready  for  service,  exclusive  of  Brazos  Brook  reservoir,  a  total 
of  $280,000.00.  Plate  No.  Ill  gives  general  plan,  elevation  and 
section  of  the  plant — see  also  Figures  5  and  6. 

PEEMANENT    WATER    SUPPLY    FOE    THE    SOUTHERN    END    OF 
THE  PANAMA  CANAL. 

Early  in  1913  it  was  realized  that  the  growth  of  the  city 
of  Panama ;  the  concentration  of  the  greater  part  of  the  operat- 
ing forces  of  the  Canal  at  Balboa  and  vicinity;  the  eonstruc- 
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Fig.  5.     Mount  Hope  Purification  Plant.    Cristobal  and  Colon  Water  System. 


Fig.  6.     Mount  Hope  Filtration   Plant.    Partial  Interior   View   Showing   Filters. 
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tion  and  operation  of  the  great  shops  and  terminals  at  the 
Pacific  entrance  to  the  Canal;  and  the  great  increase  in  ship- 
ping making  Balboa  a  port  of  call,  not  to  except  vessels  passing 
through  the  Canal,  made  necessary  the  abandonment  of  the 
original  water  supply  and  water  works  as  inadequate  and 
unsuited  to  meet  the  demands  that  would  result  from  this 
growth  and  expansion.  Accordingly,  the  writer  was  author- 
ized, after  several  projects  had  been  considered,  to  take  charge 
of  the  design  and  construction  of  the  system  now  building  and 
described  herein. 

The  project,  as  first  recommended  and  adopted,  involved  the 
taking  of  the  raw  water  from  one  of  the  eastern  arms  of  the 
newly  created  Miraflores  lake  and  pumping  it  to  a  purification 
plant,  to  be  located  on  the  crest  of  the  ridge  at  the  eastern  end 
of  the  Miraflores  spillway,  at  elevation  116  feet  (35.36  meters) 
above  sea-level;  the  laying  of  a  new  30-inch  (762  mm)  diameter 
cast-iron  main  from  this  plant  to  a  pumping,  station  to  be 
located  at  Ancon,  midway  between  Panama  city  and  the  Canal 
terminals;  the  connecting  of  this  new  main  with  the  existing 
16-in.  and  20-in.  (406.4  mm  and  508  mm)  mains,  to  give  three 
mains  in  all  between  Miraflores  and  Ancon ;  the  installation  of 
low-  and  high-service  pumps  in  the  new  Ancon  pumping  sta- 
tion; the  construction  of  a  new  1,500,000-gallon  (5,678,100 
litres)  capacity  reservoir  on  the  side  of  Ancon  hill,  at  elevation 
300  feet  (91.44  meters)  above  sea-level — this  structure  to  be 
built  as  an  extension  of  the  existing  1,000,000-gallon  (3,785,440 
litres)  reservoir,  thus  giving  2,500,000  gallons  (9,462,500  litres) 
high-service  storage ;  and  the  installation  of  new  20-inch  and 
16-inch  (508  mm  and  406  mm)  mains  throughout  the  district 
at  the  southern  end  of  the  Canal. 

The  decision  to  adopt  the  Miraflores  Lake  as  a  source  of 
supply  was  based  on  the  fact  that  thereby  a  saving  of  nearly 
$500,000  could  be  effected  in  the  total  cost  of  the  whole  project, 
over  any  other  project  considered  practicable  or  desirable. 

The  average  elevation  of  the  floor  of  the  Miraflores  Lake 
at  the  upper  end  of  the  Miraflores  locks  is  15  feet  (4.57  meters) 
above  mean  sea-level.  The  elevation  of  the  upper  sill  of  the 
locks  is  11  ft.  (3.35  meters)  above  the  same  datum  and  the  ship 
channel  in  the  lake  was  dredged  to  this  latter  elevation. 
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It  was  recognized  that  the  chlorine  content  of  the  lake 
water  would  rise  following  the  opening  of  the  locks  to  traffic, 
and  that  the  water  in  the  vicinity  of  the  locks  themselves  would 
eventually  reach  a  more  or  less  high  degree  of  salinity.  The 
question  as  to  what  extent  this  increase  in  salinity  at  the  locks 
would  affect  the  surface  water  at  the  intakes  to  the  water- 
supply  pumps,  located  in  a  remote  arm  of  the  lake  and  where 
three  large  creeks  empty  into  same,  was  considered  a  debatable 
one,  and  it  was  decided  to  chance  this  water  remaining  suf- 
ficiently low  in  chlorine  until  actual  results  proved  otherwise. 
This  decision  involved  the  accomplishment  of  certain  work  on 
the  raw-water  pump  station,  lying  below  water-level,  before  the 
lake  was  filled.  In  the  event  of  the  water  becoming  unfit  for 
use,  this  work  would  be  lost;  while,  on  the  contrary,  if  the 
water  remained  sufficiently  low  in  chlorine,  a  decision  to  aban- 
don Miraflores  Lake  at  this  early  date  would  result  in  an  unnec- 
essary expenditure  of  nearly  a  half  million  dollars. 

During  the  time  between  the  flooding  of  the  Miraflores 
basin  and  the  completion  of  the  new  water-supply  system,  tem- 
porary pumps,  located  near  the  proposed  permanent  station,  are 
pumping  the  water  to  all  parts  south  of  Miraflores  for  domestic 
and  industrial  uses.  The  water  is  given  a  treatment  of  hypo- 
chlorite of  lime,  in  amounts  up  to  eight-tenths  part  per  million 
available  chlorine,  with  good  results. 

The  placing  of  the  locks  in  operation  in  November,  1913, 
was  immediately  followed  by  a  rise  in  chlorine  in  the  lake,  and 
by  February,  1914,  this  content  had  rjsen  to  100  parts  per  mil- 
lion on  the  bottom  and  50  parts  on  the  surface.  Observations 
and  certain  experiments  during  this  period  seemed  to  point  con- 
clusively to  a  constantly  progressive  diffusion  taking  place 
throughout  all  areas  of  the  lake.  Based  on  a  theory  of  ulti- 
mate complete  diffusion  of  a  lock  chamber  of  water  for  each 
vessel  entering  the  lake  with  the  entire  volume  of  the  lake,  and 
considering  also  the  run  in  of  fresh  water  from  the  water-shed, 
a  probable  average  ultimate  chlorine  content  may  be  predicted 
for  any  given  number  of  lockages  per  year,  combined  with  any 
given  input  of  fresh  water  to  the  lake  during  the  same  period. 

By  May,  1914,  the  chlorine  had  risen  to  150  parts  per  mil- 
lion on  the  bottom  and  from  50  to  100  parts  on  the  surface 
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throughout  the  lake.  It  was  then  decided  definitely  to  aban- 
don Miraflores  Lake  as  a  source  of  supply  and  to  move  to  the 
Chagres  River  at  Gamboa,  or,  more  strictly,  to  an  arm  of  the 
Gatun  Lake  at  this  point. 

The  same  theories  as  to  the  rise  in  chlorine  in  the  Mira- 
flores Lake  may  be  expected  to  apply  to  the  Gatun  Lake  as  well. 
But  computations  based  on  such  a  theory  indicate  that  the 
water  of  Gatun  Lake  at  Gamboa  may  not  rise  appreciably  in 
chlorine  content,  influenced  as  it  will  be  by  the  great  volume  of 
fresh  water  constantly  pouring  through  what  may  be  consid- 
ered, at  Gamboa,  a  narrow  neck  of  the  lake.  In  the  event,  how- 
ever, of  such  a  remote  contingency  arising,  resulting,  in  the  dis- 
tant future,  in  the  water  becoming  too  high  in  chlorine  for  use, 
the  pump  station  at  this  point  would  become  a  relay  station  on 
a  main  laid  to  Alhajuela,  where  the  water  supply  could  be  taken 
directly  from  the  Chagres  River  at  elevation  90  feet  (27.43 
meters)  above  sea-level. 

The  project  now  being  rushed  to  completion  provides  for  a 
maximum  supply  of  15,000,000  gallons  (56,781,000  litres)  per 
24  hours,  taken  from  the  Gatun  Lake  and  pumped  to  the  puri- 
fication plant  at  Miraflores,  referred  to  above,  through  a  single 
east-iron  bell  and  spigot  main,  varying  in  diameter  from  24 
inches  to  36  inches  (609.6  mm  to  914.4  mm),  laid  along  the 
roadbed  of  the  Panama  railroad. 

The  summit  along  the  railroad  reaches  an  elevation  of  271 
feet  (82.6  meters)  above  sea-level,  distant  from  Gamboa  17,300 
feet  (5.27  km.).  From  this  point  to  the  purification  plant  at 
Miraflores,  a  distance  of  43,700  feet  (13.32  km.),  the  water  will 
flow  by  gravity. 

The  water  at  Gamboa  will  be  drawn  from  the  surface  into 
a  gate  house,  and  upon  entering  will  pass  through  double 
screens.  It  will  then  pass  through  a  30-inch  (762  mm)  culvert 
to  the  sump  below  the  floor  of  the  pump  station. 

The  pumping  equipment  will  consist  of  one  2000-gallon 
(7570  litres)  and  three  4000-gallon  (15,142  litres)  per  minute 
capacity  centrifugal  pumps.  These  pumps  will  be  direct  con- 
nected to  induction  motors,  operating  on  2200-volt,  3-phase,  25- 
cycle  current,  and  designed  to  deliver  the  above  amounts  of 
water  to  the  summit,  at  elevation  271  feet  (82.6  meters)  above 
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sea-level,  from  a  low-water  level  in  the  lake  of  79  feet  (24.08 
meters)  above  sea-level. 

Space  does  not  permit  taking  up  the  details  of  the  24-inch, 
30-inch  and  36-inch  (609.6,  762  and  914.4  mm)  lines,  but  it  may 
be  of  interest  to  state  that  leadite  will  be  used  almost  exclusively 
in  laying  this  line.  To  date,  approximately  20,000  lineal  feet 
(6.09  km.)  of  30-inch  (762  mm)  cast-iron  main,  60,000  feet 
(18.29  km.)  of  20-inch  (508  mm)  main,  and  10,000  feet  (3.05 
km.)  of  16-inch  (406  mm)  main  have  been  laid  and  placed  in 
service  on  the  Isthmus,  using  leadite  in  place  of  lead  at  a  large 
saving  in  cost. 

The  purification  plant,  located  at  Miraflores,  as  stated,  has 
been  designed  along  the  same  general  lines  as  the  plant  at 
Mount  Hope,  and  for  a  maximum  total  output  of  15,000,000 
gallons  (56,781,000  litres)  per  day. 

The  plant  is  laid  out  on  one  longitudinal  center  line  (See 
Plate  IV)  and  the  buildings  cover  a  ground  space  approximately 
130  feet  (39.6  meters)  in  width  by  650  feet  (198.1  meters)  in 
length. 

The  aeration  basin  is  86  x  130  feet  (26.2  x  39.6  meters)  in 
plan.  The  head-house  is  a  three-story  structure,  38  ft.  6  in.  x  92 
ft.  (11.75  x  28  meters)  in  plan.  The  sedimentation  basin  is  125 
x  300  feet  (38.1  x  91.44  meters)  over-all  and  16  ft.  6  in.  (5.03 
meters)  in  depth.  The  laboratory  office  and  quarters  building, 
three  stories  in  height  and  forming  the  end  of  the  filter  build- 
ing proper,  is  29  ft.  x  51  ft.  6  in.  (8.8  x  15.7  meters)  over-all. 
The  filter  building  covers  a  space  of  62  x  147  feet  (18.9  x  44.8 
meters). 

The  water  reaching  the  aeration  basin  is  thrown  about  15 
to  20  feet  (4.6  to  6.1  meters)  in  the  air  through  specially 
designed  nozzles.  It  passes  over  measuring  weirs  placed  on 
the  floor  of  this  basin,  and  thence  through  the  walls  of  the  head 
house  into  the  mixing  chambers  on  its  way  to  the  sedimentation 
basin. 

The  head  house  has  the  mixing  chamber  located  on  the 
basement  floor.  The  second  floor  carries  the  alum-control  and 
Venturi-meter  apparatuses,  also  hydraulic  control  apparatus,  for 
draining  the  sedimentation  basin  and  for  operating  the  inlet 
valves  to  the  aeration  basin,  and  miscellaneous  electric  indica- 
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tors.  The  third  floor  provides  storage  for  alum  and  hypo- 
chlorite of  lime.  This  floor  also  carries  the  four  suspended 
solution  tanks  for  these  chemicals. 

The  sedimentation  basin,  to  be  operated  on  the  continu- 
ous plan,  provides  for  8  hours '  sedimentation.  There  are  many 
details  for  filling,  cross  filling,  emptying  and  baffling,  which, 
so  far  as  the  writer  is  aware,  are  not  usually  embodied  in 
basins  of  this  character,  which  might  be  of  interest  but  cannot 
be  dwelt  upon  in  this  paper  for  lack  of  space. 

The  filter  building  proper  contains  14  filter  units  19  ft.  9  in. 
x  21  ft.  6  in.  (6.02  x  6.56  meters)  in  plan  by  11  ft.  (3.35  meters) 
in  depth,  ranged  seven  on  each  side  of  a  central  gallery.  These 
units  are  built  over  a  clear-water  basin  having  a  capacity  of 
900,000  gallons  (3,406,896  litres). 

The  operating  floor  is  placed  2  ft.  6  in.  (762  mm)  below 
the  tops  of  the  filter  walls  and  forms  a  gallery  extending  the 
length  of  the  building  from  the  main  floor  of  the  office  and 
laboratory  building.  The  filter  area  is  covered  by  a  tile  and 
concrete  roof  carried  on  arched  steel  trusses  of  61  ft.  6  in. 
(18.75  meters)  span. 

These  filters  differ  from  the  other  filters  described,  in  their 
under  drainage  and  collector  system.  The  so-called  false  bot- 
tom principle  has  been  adopted,  and  the  design  has  been  based 
on  full-sized  experiments  under  nearly  operating  conditions. 

Each  entire  filter  is  built  of  reinforced  concrete  through- 
out. The  false  floor  and  main  floor,  two  feet  below  (610  mm), 
are  designed  for  30  pounds  per  square  inch  (2.1  kg.  per  sq.  cm.) 
pressure.  The  upper  or  false  floor,  on  which  is  carried  the  sand 
and  gravel,  is  pierced  with  %-inch  (9.5  mm)  diameter  brass 
pipes  extending  above  the  top  side  and  turning  180  degrees  so 
as  to  discharge  downward.  On  each  of  these  pipes  may  be 
screwed  a  specially  designed  brass  strainer  carrying  twenty-five 
1/16-inch  (1.6  mm)  diameter  holes.  These  pipes  are  placed  on 
6-inch  (152.4  mm)  centers  and  give  a  ratio  of  475  to  1  between 
area  of  filter  surface  and  area  of  openings.  The  strainer  sys- 
tem has  been  designed  for  15  gallons  of  wash  water  per  square 
foot  (611  litres  per  square  meter)  of  area  of  filtering  surface. 
Experiments  indicate  that  this  will  require  16  pounds  per  square 
inch  (1.12  kg.  per  sq.  em.)  pressure  under  the  false  bottom. 
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A  separate  air  system  has  also  been  provided,  to  be  placed 
about  4  inches  (101.6  mm)  below  the  top  of  the  gravel  bed. 

The  gravel  bed  will  consist  of  three  layers  of  graded  sizes 
of  gravel.  At  the  bottom  will  be  placed  ten  inches  (254  mm) 
of  gravel  having  a  mean  size  from  1  in.  to  1%  in.  (25.4  to  44.4 
mm) ;  next  above  this  will  be  placed  8  inches  (203  mm)  of  gravel 
with  a  mean  size  from  1  to  7/16  inch  (25.4  to  11.2  mm)  and  on 
top  of  this  will  be  placed  6  inches  of  gravel  (12.7  mm)  of  a 


Fig.  7.     Water  Purification  Plant  at  Miraflores. 

size  from .7/16  to  3/16  inch  (11.2  to  4.76  mm).  The  sand  bed 
will  be  30  inches  (762  mm)  in  depth  and  the  sand  will  run 
about  0.4  mm  with  uniformity  coefficient  of  1.6.  The  same 
trough  system  will  be  installed  as  put  into  the  Mount  Hope 
plant. 

The  filters  will  be  run  either  with  or  without  negative  head, 
and  will  discharge  their  effluent  through  hydraulic  valve  con- 
trollers directly  into  the  clear-water  basin  beneath.  Hydraulic 
operation  of  all  valves  from  slate  operating  tables  will  be 
installed. 
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The  basement  of  the  laboratory  and  quarters  building  will 
contain  air  receivers,  storage  rooms,  sinks,  gas  plant  and  auxil- 
iary laboratory  apparatus.  On  the  second  or  main  floor  will  be 
placed  the  office  and  laboratory,  which  latter  will  be  fully 
equipped  for  all  classes  of  water  analysis.  The  third  floor  pro- 
vides quarters  for  six  men. 

The  water  will  flow  from  the  clear-water  basin  through  a 
30-inch  (762  mm)  main  and  Venturi  meter  to  an  injection  cham- 


Fig.  8.     Main  Operating  Floor,  Miraflores  Water  Purification  Plant. 

ber,  at  which  point  will  be  injected  hypochlorite  bleach  or 
liquid  chlorine.  .The  water,  upon  leaving  this  chamber,  will 
enter  the  16-inch,  20-inch  and  30-inch  (406,  508  and  762  mm) 
mains  and  flow  by  gravity  to  the  pumping  station  at  Ancon, 
4%  miles  (7.24  K.)  distant.  Liquid  chlorine  equipment  will 
be  installed,  in  addition  to  the  hypochlorite  apparatus,  with  a 
view  to  operating  with  the  hypochlorite  in  reserve. 

The  wash  water  will  be  pumped,  by  means  of  centrifugal 
pumps  located  in  pump  station  No.  2  (see  plate  No.  IV),  into  a 
300,000-gallon  (1,135,632  litres)  wash-water  tank,  located  on 
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the  hill  above  the  purification  plant  at  elevation  191  feet  (58.21 
meters)  above  sea-level.  This  tank  will  provide  filtered  water 
by  gravity  to  the  town  of  Pedro  Miguel  to  the  north,  and,  in 
addition  to  the  wash  water,  will  provide  the  service  water 
around  the  plant. 

Pump  station  No.  2  will  contain  three  2500-gallon  (9463 
litres)  per  minute  centrifugal  pumps,  motor  driven,  and  one 
500  cu.  ft.  (14.16  cubic  meters)  per  minute  air  compressor.  This 
station  will  be  located  in  relation  to  the  main  plant  as  shown 
on  Plate  IV. 

The  Ancon  pumping  station  (pump  station  No.  3)  will  con- 
tain two  high-  and  three  low-service  pumps.  The  water  from 
Miraflores  will,  under  conditions  of  maximum  flow,  reach  this 
station  at  practically  zero  head.  The  low-service  pumps  will  act 
as  boosters  and  pump  directly  into  the  20-inch  (508  mm)  cast- 
iron  discharge  main  running  east  to  Panama  City  and  west  to 
the  Canal  terminals.  All  connections,  at  elevation  60  feet  (18.3 
meters)  above  sea-level,  will  be  placed  on  this  system  and  the 
service  pressure  will  not  exceed  50  pounds  per  square  inch  (3.5 
kg.  per  sq.  cm.). 

On  this  20-inch  (508  mm)  main  will  be  tied  the  1,000,000- 
gallon  (3,785,440  litres)  reservoir,  located  at  elevation  137  feet 
(41.75  meters)  above  sea-level;  referred  to  on  page  11,  and  it 
will  be  used  as  a  surge  tank  or  reserve  to  take  fluctuations  in 
supply  and  consumption. 

The  two  high-service  pumps  will  act  as  boosters  pumping 
the  water  through  a  16-inch  (406  mm)  discharge  main  into  the 
high-service  system  and  into  the  2,500,000-gallon  (9,462,500 
litres),  reservoir  located  at  elevation  300  feet  (91.4  meters), 
referred  to  on  page  25.  All  connections  above  elevation  60  feet 
(18.28  meters)  will  be  supplied  off  this  system.  The  reservoir 
will  be  operated  in  the  same  way  as  the  low-service  reservoir. 

The  piping  is  so  arranged  in  the  station  that  the  high- 
service,  in  case  of  fire,  can  be  thrown  into  the  low-service  sys- 
tem to  the  east  or  to  the  west  of  the  station,  or  both,  depend- 
ing on  the  location  of  the  fire.  This  operation  will  be  controlled 
by  hydraulic  cylinder  valves  operated  from  a  central  slate 
operating  table  placed  on  the  station  floor.  The  change  from 
low  to  high  service  will  be  a  matter  of  not  to  exceed  30  seconds. 
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The  low-service  pumps  will  be  single-stage,  centrifugal 
pumps  direct  connected  to  induction  motors,  5000  gallons 
(18,927  litres)  per  minute  capacity  against  125  ft.  head  (38.1 
meters).  The  high-service  pumps  will  be  3-stage  pumps  of 
similar  design,  with  capacity  of  2500  gallons  (9463  litres)  per 
minute  each  against  350  feet  (106.7  meters)  head.  Motors  will 
operate  at  2200  volts  on  a  3-phase,  25-cycle  current. 

The  entire  project  as  described  above  is  estimated  to  cost 
$1,250,000  and  will  be  ready  for  operation  by  April  1,  1915. 

Upon  the  completion  of  this  project,  there  will  have  been 
expended  for  permanent  water-supply  plants  on  the  Isthmus 
approximately  $2,000,000.  In  addition  to  this  amount,  there 
has  been  expended  for  temporary  water  supplies  and  water 
systems  throughout  the  Canal  Zone,  since  the  beginning  of 
American  occupation,  approximately  $4,892,309.53. 

The  average  cost  of  filtration  at  the  new  Mount  Hope  plant 
is  $0.0139  per  thousand  gallons  (3785  litres).  The  average 
cost  at  the  Agua  Clara  plan  is  $0.0176  per  thousand  gallons 
(3785  litres).  It  is  estimated  that  average  cost  of  water  deliv- 
ered to  the  consumer  per  thousand  gallons,  based  on  averages 
of  all  plants  and  all  conditions  of  head  pumped  against,  includ- 
ing pipe  lines  and  all  fixed  charges,  will  amount  to  10  cents. 

The  total  expenditures  for  municipal  work  of  all  kinds 
from  June,  1904,  to  date  of  completion  of  this  last  water  project, 
including  the  work  in  the  cities  of  Colon  and  Panama,  will 
amount  to  approximately  $12,652,048.94.  Of  this  amount,  the 
Eepublic  of  Panama  pays  back  within  50  years  to  the  U.  S.  Gov- 
ernment approximately  $3,288,483.78. 
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THE  WORKING  FORCE  OP  THE  PANAMA  CANAL. 


By 

Major  E.  E.  WOOD,  TJ.  S.  A.  (Bet.) 

Quartermaster's  Dept.,  Panama  Canal,  1905-1915 

Wilmington,  Del.,  XJ.  S.  A. 


Labor  and  material  are  the  two  fundamentals  of  any  large 
construction  job.  With  no  market  near  at  hand  for  either,  both 
were  problems  in  the  early  stages  of  the  Canal  work,  and  of  the 
two,  in  fact  of  all  the  problems  confronting  the  builders  of  the 
Canal  at  its  beginning,  the  labor  problem  seemed  the  most  diffi- 
cult and  the  one  hardest  to  solve.  It  was  really  not  until  1908, 
or  more  than  three  years  after  the  beginning  of  the  work  that  it 
could  be  considered  entirely  solved. 

The  working  force  of  the  Canal  was  divided  into  what  are 
known  locally  as  the  "Gold"  and  "Silver"  forces,  so  termed 
because  originally  some  of  the  force  were  paid  in  U.  S.  currency 
and  the  balance  in  Panamanian  currency.  Later  on  all  were 
paid  alike  in  U.  S.  currency,  but  the  term  always  obtained. 
The  "Gold"  force  consisted  of  the  officials,  superintendents,  fore- 
men, the  clerical  force,  and  the  higher  grades  of  skilled  labor; 
in  general  all  American  citizens  on  the  work.  The  "Silver" 
force  consisted  of  the  unskilled  labor  and  the  lower  grades  of 
skilled  labor;  in  general  all  the  West  Indians  and  European 
labor  on  the  job.  The  "Gold"  force  had  a  higher  wage  scale 
and  more  privileges  than  the  "Silver"  force.  Roughly,  the 
"Gold"  force  may  be  compared  to  the  officers  and  non-com- 
missioned officers  of  an  army — the  "Silver"  force  to  the  privates 
in  its  ranks. 

The  table  below  shows  the  maximum  effective  force  during 
each  year  of  construction  work.  These  figures  include  the  Pan- 
ama Railroad  force,  but  do  not  include  the  forces  of  the  con- 
tractors.    The  latter  secured  much  of  their  skilled  labor  and 
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practically  all  of  their  unskilled  labor  from  the  men  recruited  by 
the  United  States  Government;  however,  with  the  exception  of 
the  lock  gate  contractors,  no  appreciable  force  was  ever  main- 
tained by  contractors  on  the  Isthmus.  At  one  time  the  McClintic- 
Marshall  Company,  who  had  the  contract  for  the  lock  gates,  had 
over  5000  men  at  work,  and  if  their  force  is  taken  into  considera- 
tion the  maximum  effective  force  was  reached  on  March  26,  1913, 
when  the  total  number  of  men  actually  working  was  44,733.  The 
force  shown  in  the  table  below  includes  only  men  actually  at 
work  and  does  not  take  into  consideration  men  temporarily  laid 
off,  the  sick,  those  on  leave  and  other  absentees.  If  these  are  con- 
sidered at  least  20%  should  be  added  to  give  the  total  number 
on  .the  rolls  for  any  given  period. 

Maximum  Force  Employed  During  Each  Year  of  Construction  Work. 

May,   1904 1,000  (Approximately) 

Nov.,  1904 3,500  " 

Nov.,  1905 17,000  " 

Dec,   1906 23,901 

Oct.,    1907 31,967 

Apr.,  1908 33,170 

Oct.,    1909 35,495 

Mch.,  1910 38,676 

Dec,   1911 37,826 

June,  1912 38,174 

Aug.,  1913 39,962 

June,  1914 33,270 

It  will  be  noted  that  the  force  increased  from  1000  in  1904 
to  over  30,000  in  1907.  Considering  conditions,  the  recruiting 
and  organization  of  a  force  of  over  30,000  men  in  less  than  three 
years  was  a  great  task. 

When  the  American  authorities  took  over  the  work  from  the 
French  Company  in  1904,  they  found  a  small  force  of  "West 
Indian  laborers  with  a  few  French  officials  and  engineers  in 
charge — not  over  1000  men  in  all.  There  was  no  surplus  labor 
on  the  Isthmus  or  in  the  entire  Eepublic  of  Panama,  the  popula- 
tion being  comparatively  sparse.  It  was  early  realized  that  it 
would  be  necessary  to  recruit  all  classes  of  labor  in  other  mar- 
kets.   It  was  not,  however,  realized  on  just  how  large  a  scale  this 
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would  have  to  be  done,  for  no  one  foresaw  the  proportions  of  the 
work,  its  widely  varied  character  and  the  resulting  large  supply 
of  labor  required. 

The  steps  taken  to  recruit  the  working  force  are  described 
in  detail  below. 

In  building  the  Canal  the  United  States  Government  not 
only  undertook  a  great  construction  work,  but  it  handled  all 
auxiliaries  that  are  frequently  delegated  or  sub-let.  It  conducted 
the  Government  of  the  Canal  Zone,  created  a  fire  department, 
police  department,  department  of  schools,  operated  hospitals, 
commissaries  and  hotels,  operated  the  Panama  Railroad,  in  fact, 
handled  practically  all  work  directly  or  indirectly  connected  with 
the  construction.  It  was  therefore  necessary  to  obtain  not  only 
transportation  and  excavation  men,  but  firemen,  policemen,  cooks, 
stewards,  nurses,  doctors  and  many  other  classes  of  labor,  using 
labor  in  its  broadest  sense. 

It  was  recognized  that  most  of  the  superintendents,  fore- 
men, and  the  higher  grades  of  skilled  labor  would  have  to  be 
brought  from  the  United  States.  There  was  no  surplus  through- 
out Central  or  South  America,  and  in  many  classes  of  the  work 
there  were  no  men  at  all  available  in  the  Central  or  South  Ameri- 
can field.  It  was  known  that  to  secure  good  men  would  be  a  dif- 
ficult task  on  account  of  the  climate  and  reputation  of  the 
Isthmus.  Panama  had  been  widely  advertised  as  a  pest  hole 
during  the  French  period,  and  the  yellow  fever  epidemic  which 
occurred  in  the  early  days  of  American  occupation — the  fall  of 
1904  and  spring  of  1905 — did  not  add  to  its  reputation.  Mr. 
J.  P.  Wallace,  the  first  Chief  Engineer,  considered  the  labor 
problem  so  all-important  that  one  of  the  principal  reasons  for 
his  visit  to  the  States  during  the  spring  of  1905  was  to  secure 
skilled  labor.  He  made  an  effort  to  recruit  transportation  and 
construction  men  and  devoted  some  of  his  personal  attention  to 
the  task.  For  the  reasons  above  mentioned,  it  was  realized  that 
to  secure  a  good  class  of  employees,  it  would  be  necessary  to  offer 
considerations  in  the  form  of  high  wages.  The  scale  of  wages 
was  materially  raised  during  the  spring  of  1905. 

A  considerable  number  of  men  were  brought  down  in  the 
spring  of  1905,  but  while  the  pay  was  attractive,  the  living  con- 
ditions were  such  that  a  large  proportion  of  those  that  came,  im- 
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mediately  returned.  This  was  the  more  discouraging  as  the 
work  was  expanding  much  faster  than  the  force.  It  was  realized 
that  to  secure  good  men  it  would  be  necessary  not  only  to  offer 
high  wages  but  good  living  conditions.  When  Mr.  Stevens  came 
to  the  Isthmus  in  July,  1905,  he  gave  preferred  attention  to  the 
building  of  quarters  on  a  very  large  scale,  the  organization  of 
commissaries,  the  recreation  of  employees,  and  to  all  other  mat- 
ters connected  with  the  improvement  of  living  conditions  on  the 
Isthmus. 

Mr.  Stevens  considered  the  labor  problem,  for  the  time  be- 
ing, as  the  most  important  problem  of  the  work.  He  brought 
with  him  Mr.  Jackson  Smith,  a  man  who  had  been  connected 
with  construction  work  in  Jamaica,  Ecuador  and  Mexico,  and 
of  wide  experience  in  the  recruiting  and  handling  of  labor  in  the 
tropics.  Mr.  Smith  at  once  created  an  organization  for  the  re- 
cruiting of  skilled  and  unskilled  labor.  To  obtain  the  former  he 
appointed  four  agents  in  the  United  States,  one  located  in  New 
York,  one  in  New  Orleans  and  two  with  roving  commissions  to 
recruit  and  dispatch  men  from  the  States  to  the  Canal  Zone. 
These  men  worked  in  conjunction  with  the  Washington  office  of 
the  Commission. 

Originally  the  Civil  Service  rules  had  been  applied  to  prac- 
tically all  classes  of  employees  on  the  work.  With  the  excep- 
tion of  the  clerical  force,  the  doctors,  nurses  and  draftsmen,  the 
Civil  Service  was  disregarded  and  men  were  employed  direct 
by  the  agents  appointed  by  Mr.  Smith. 

The  recruiting  agents  made  personal  inquiries  as  to  the 
antecedents  of,  and  the  class  of  work  performed  by,  every  appli- 
cant for  employment.  All  had  to  undergo  a  medical  examina- 
tion and  every  precaution  was  taken  to  insure  recruiting  good 
men.  Nevertheless,  the  class  of  men  first  secured  was  rather  dis- 
couraging. Most  of  them  were  men  who,  for  one  reason  or  an- 
other, were  unable  to  retain  positions  in  the  States,  and  were 
equally  unable  to  give  good  results  on  the  Isthmus.  The  reputa- 
tion of  the  Isthmus  deterred  the  best  class  of  applicants,  but  by 
degrees  the  high  wages,  fair  treatment  and  good  living  condi- 
tions had  their  influence,  and  American  construction  men  as 
early  as  1906  began  coming  of  their  own  accord  to  the  Isthmus. 
The  following  table  shows  the  number  of  "Gold"  employees  re- 
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cruited  in  the  United  States  during  the  different  years  of  Canal 
construction : 

December    1905-1906 3,243 

1907 3,038 

1908 1,828 

1909 754 

1910 1,099 

1911 1,083 

1912 632 

1913 1,183 

1914 1,429 

This  table  does  not  include  Americans  hired  on  the  Isthmus. 
The  proportion  of  sueh  employees,  though  small  at  first,  in- 
creased rapidly  until  in  1908  there  were  more  men  hired  on  the 
Isthmus  than  there  were  recruited  and  sent  down  from  the 
United  States.  From  1908  to  the  end  of  the  work  this  same 
condition  obtained,  as  there  were  plenty  of  men  who  were  drawn 
to  the  Isthmus  from  the  reports  of  others  who  were  working  on 
the  Canal  and  who  advertised  the  job.  After  1908  the  number 
of  applicants  was  so  great  that  it  was  no  longer  necessary  to 
maintain  any  recruiting  officers  in  the  field.  The  recruiting 
organization  in  the  States  was  dissolved,  with  the  exception  of 
the  New  York  office.  After  1911  this  office  was  abolished  and  all 
employments  were  made  through  the  "Washington  office  of  the 
Commission. 

The  average  number  of  Americans  working  for  the  Canal 
during  the  construction  period  was  a  little  over  5000.  It  will  be 
seen  from  the  table  of  employments  that  this  force  had  to  be  re- 
newed every  two  or  three  years. 

The  composition  of  the  "Gold"  force  was  very  varied  due 
to  the  character  and  size  of  the  work.  Speaking  roughly,  there 
were  three  principal  classes  of  employees  composing  the  force. 
First,  the  construction  men,  drawn  from  the  railroads  and  large 
contractors  of  the  United  States.  Second,  the  construction  men 
drawn  from  the  tropics;  Mexico,  South  and  Central  America. 
Third,  ex-Government  employees  who  had  worked  previously 
for  the  Government  either  in  the  United  States  or  in  Cuba,  Porto 
Eico  and  the  Philippines.  A  large  number  of  the  first  class, 
particularly  of  the  engineers  and  conductors  first  brought  to  the 
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Isthmus,  came  from  the  Illinois  Central  and  Eock  Island  Rail- 
roads, the  first  two  chief  engineers  having  been  connected  with 
those  roads.  Later,  transportation  men  came  from  all  portions 
of  the  United  States,  although  a  small  road  in  the  eastern  States, 
the  Buffalo,  Rochester  and  Pittsburgh,  probably  contributed 
more  men  than  any  other  single  line. 

The  United  Fruit  Railroads  in  Central  America,  and  the 
Guayaquil  &  Quito  Railroad  in  Ecuador  were  built  by  Americans, 
and  a  number  of  the  men  who  had  been  engaged  in  these  roads 
afterwards  worked  on  the  Isthmus. 

A  large  number  of  the  clerks  and  sanitary  force  had  been 
previously  employed  in  Government  departments  at  Washington, 
in  Cuba,  Porto  Rico  and  the  Philippines,  while  a  number  of  the 
dredge  men  had  worked  on  Government  work  on  the  Mississippi 
River. 

UNSKILLED  LABOE. 

When  the  first  French  company  failed  in  the  late  80  's,  there 
were  approximately  20,000  West  Indian  laborers  left  stranded 
on  the  Isthmus.  These  laborers  had  no  money  to  pay  their  pass- 
age home ;  there  was  no  possibility  of  employment  on  the  Isthmus 
of  Panama  and  much  suffering  and  hardship  resulted.  The 
Island  Governments  of  the  West  Indies,  none  of  whom  had 
any  surplus  funds,  had  to  repatriate  their  countrymen  at  Gov- 
ernment expense.  When  the  work  on  the  Canal  was  resumed  by 
the  Americans,  the  whole  project  was  looked  on  with  suspicion 
throughout  the  West  Indies,  both  by  the  laborers  themselves  and 
by  the  authorities. 

Mr.  Jackson  Smith  created  a  recruiting  organization  for  un- 
skilled labor  as  well  as  skilled  labor.  One  agent  had  already  been 
sent  to  Barbados  by  Mr.  Wallace.  Mr.  Smith  sent  others  to  the 
French  West  Indian  Islands,  to  the  Republic  of  Colombia,  and 
later  on  to  Cuba. 

The  situation  confronting  these  labor  agents  was  a  difficult 
one.  The  British  West  Indies  were  the  natural  markets  of  the 
Canal  for  unskilled  labor,  but  they  were  at  first  closed  to  the 
Canal  agents.  This  was  due  to  two  causes :  First,  suspicion  on 
the  part  of  the  authorities  and  of  the  laborers  as  to  the  treatment 
they  would  receive  from  the  Canal  authorities.     Second,  opposi- 
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tion  of  the  planter  element  in  the  islands,  who  desired  to  main- 
tain a  surplus  of  labor  and  who  threw  every  possible  obstacle  in 
the  way  of  immigration  from  the  Islands.  It  did  not  take  long 
to  remove  the  first  objection — the  second  one  always  remained  in 
force.  The  policy  was  really  short  sighted,  as  in  the  end  the  im- 
migration to  the  Isthmus  proved  a  benefit  to  the  Islands;  the 
West  Indian  laborer  saved  his  money  and  sent  large  sums  home, 
much  as  the  Italian  immigrant  does  from  the  United  States. 
These  remittances  proved  a  decided  factor  in  the  betterment  of 
conditions  in  many  of  the  smaller  West  Indian  Islands. 

It  has  been  frequently  stated  that  the  Canal  was  built  by 
Jamaican  labor.  This  is  an  error.  The  Island  of  Jamaica,  which 
is  the  largest  and  most  populous  of  the  British  West  Indies,  was 
the  nearest  island  to  the  Canal  and  the  natural  recruiting  ground 
for  unskilled  labor.  The  authorities  in  this  island,  throughout 
the  construction  period,  consistently  refused  to  allow  any  re- 
cruiting to  be  done.  A  tax  of  one  pound  Sterling  per  man  was 
imposed  on  any  man  desiring  to  leave  the  island  for  the  Isthmus. 
To  pay  this  tax  and  to  pay  the  passage  was  beyond  the  reach 
of  the  average  unskilled  laborer,  whose  wages  did  not  exceed 
30c.  per  diem.  There  was,  however,  a  large  immigration  from 
Jamaica  to  the  Isthmus,  but  it  was  composed  mostly  of  negro 
artisans,  and  not  of  "pick  and  shovel"  laborers. 

For  some  time  the  recruiting  agents  made  little  headway, 
but  the  authorities  in  the  Island  of  Barbados  finally  gave  a  free 
hand  to  the  Commission  and  shipments  began  on  a  large  scale. 
Conditions  in  this  Island  were  unique.  With  an  area  of  less 
than  200  square  miles,  it  had  a  population  of  almost  200,000 
negroes.  As  there  was  no  industrial  life  and  no  large  cities,  the 
people  lived  off  the  land,  and  the  struggle  for  existence  was  real 
in  every  sense  of  the  term.  The  surplus  of  labor  was  so  great  that 
the  planters  withdrew  their  opposition  and  shipments  began  in 
the  summer  of  1905.  From  first  to  last,  19,900  men  were 
recruited  in  Barbados,  approximately  10%  of  the  total  population 
and  from  30  to  40%  of  the  adult  males. 

The  authorities  in  the  French  Islands  of  Martinique  and 
Guadaloupe  finally  permitted  recruiting  to  be  done  under  cer- 
tain restrictions,  and  although  the  permission  given  was  with- 
drawn in  1907,  7,500  men  were  recruited  in  these  Islands.    The 
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French  negro,  while  a  willing  worker,  as  a  rule  had  not  the 
physique  of  the  Barbados  negro  and  was  handicapped  by  his 
lack  of  knowledge  of  English.  All  "West  Indians  were  recruited 
under  contract,  under  which  their  transportation  was  paid  to 
the  Isthmus,  and  under  which  they  were  given  the  privilege  of 
repatriation  after  a  period  of  500  working  days.  "West  Indian 
laborers  were  given  10c  per  hour  for  pick  and  shovel  work,  were 
furnished  free  quarters  and  medical  attendance,  and  allowed 
commissary  privileges.  As  a  matter  of  fact,  the  wages  of  most 
"West  Indian  laborers  averaged  considerably  more.  It  was  only 
during  the  first  part  of  their  service  that  they  received  the  10c 
rate. 

The  agents  had  difficulties  in  obtaining  recruits  to  make  up 
the  first  few  shipments,  but  the  news  of  the  high  wages  and  good 
living  conditions  on  the  Isthmus  soon  spread  throughout  the 
"West  Indies  and  later  on  the  supply  much  exceeded  the  demand, 
particularly  after  the  first  three  years  of  Canal  work. 

During  1905  and  1906  the  work  expanded  so  rapidly  that  in 
spite  of  the  large  shipments  of  labor — approximately  20,000  men 
during  the  two  years — the  requirements  exceeded  the  supply. 
However,  the  efficiency  of  the  "West  Indian  laborer  was  very  low, 
and  it  was  decided  to  introduce  another  class  of  unskilled  labor 
on  the  work.  An  agent  was  sent  to  Cuba  early  in  1907,  and  a 
trial  shipment  of  about  400  Spanish  laborers  was  sent  to  the 
Canal.  These  Spaniards  rendered  such  satisfactory  service  that 
Mr.  Leroy  Parke,  the  agent  referred  to,  went  to  Spain  and  after 
some  preliminary  negotiations  with  the  Spanish  Government 
obtained  authority  to  recruit  in  Spain.  During  1906,  1907  and 
1908  nearly  12,000  contract  laborers  were  forwarded  from 
Europe,  of  which  approximately  75%  were  Spaniards  and  the 
balance  Italians  and  Greeks.  The  European  laborer  was  paid 
twice  as  much  as  the  "West  Indian  laborer  for  exactly  the  same 
class  of  work,  but  his  efficiency  at  first  was  rated  as  approxi- 
mately 3  to  1  as  compared  to  the  negro.  The  presence  of  this 
European  labor  had  a  great  effect  on  the  "West  Indian  and  the 
efficiency  of  the  latter  was  increased  by  competition,  while  after 
a  time  the  efficiency  of  the  European  laborer  diminished  from 
the  effects  of  the  climate.  At  the  end  of  the  construction  period 
there  was  no  great  difference  between  the  two  classes  of  labor. 
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The  conditions  of  the  contract  under  which  the  Spanish 
laborer  was  recruited  differed  somewhat  from  the  contract 
entered  into  with  the  "West  Indian  laborer.  The  passage  of  the 
European  laborer  was  paid  to  the  Isthmus,  but  the  cost  of  his 
passage  was  afterwards  refunded  to  the  Commission  out  of  the 
laborer's  pay.  There  was  no  guarantee  to  repatriate  European 
laborers,  although  a  large  number  of  them  were  eventually  sent 
home  at  the  expense  of  the  Commission. 

The  table  on  page  10  shows  the  contract  laborers  brought  to 
the  Isthmus  throughout  the  work. 

As  shown  by  the  table,  the  maximum  movement  of  contract 
labor  occurred  during  1907  when  nearly  15,000  men  were  brought 
to  the  Isthmus.  About  this  time  a  large  unaided  immigration  set 
in,  both  from  the  "West  Indies  and  from  Europe,  the  excess  of 
immigrants  over  emigrants  being  shown  below: 


1908     Excess  of  immi 

1909 

1910 

1911 

1912 

1913 


grants 18,000 

13,023 

21,114 

4,910 

3,510 

9,534 


This  tide  of  immigration  soon  relieved  the  Commission  of 
the  necessity  of  maintaining  a  recruiting  organization,  and  all 
agents  were  relieved  by  the  end  of  the  year  1909.  A  few  small 
shipments  were  afterwards  sent  forward,  but  the  number  of  men 
recruited  was  very  small  after  1909. 

The  great  bulk  of  unskilled  labor  secured  was  originally 
agricultural  labor.  Practically  all  of  the  West  Indians  had 
worked  in  the  fields  and  had  never  done  any  construction  work. 
Many  of  them  had  never  seen  a  railroad;  few  of  them  were 
acquainted  with  explosives.  Outside  of  the  building  trades,  none 
of  them  were  of  any  value  as  artisans.  All  were  slow  and  stupid, 
and  altogether  they  were  most  unpromising  material.  The  Euro- 
peans were  as  a  rule  much  more  intelligent,  but  few  of  them  had 
ever  worked  on  a  construction  job  before.  They  stuck  more 
steadily  to  the  work  than  the  West  Indians  and  were,  in  the 
beginning  at  least,  much  more  to  be  depended  upon.  The  "West 
Indian,  in  addition  to  his  other  defects,  could  not  be  relied  upon 
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in  the  beginning  to  work  steadily.  It  is  doubtful  whether  at  first 
many  of  them  averaged  more  than  15  working  days  per  month. 

The  evolution  of  the  unskilled  laborer  has  been  as  marked 
as  the  evolution  of  the  work.  The  "West  Indian,  while  slow,  has 
learned  many  of  the  trades  and  many  of  them  have  developed 
into  first  class  construction  men.  The  bulk  of  the  building  work 
on  the  Canal  has  been  done  by  West  Indian  carpenters,  masons 
and  painters,  under  the  direction  of  American  foremen.  The 
drilling  in  the  cut  and  the  firing  of  locomotives  were  all  done  by 
"West  Indians.  Particularly  in  the  trades  mentioned  the  men 
developed  steadiness,  and  toward  the  end  of  the  construction 
period  the  "West  Indian  remained  on  the  job  as  steadily  as  the 
Spaniard  or  even  the  American.  "While  not  comparable  with 
the  efficiency  of  unskilled  labor  in  the  United  States,  there  was 
nevertheless  tremendous  improvement,  and  this  improvement  is 
the  best  kind  of  a  tribute  to  the  American  foremen  who  developed 
and  educated  this  labor. 

After  1909  no  agents  were  maintained  in  the  "West  Indies  by 
the  Canal  authorities.  The  withdrawal  of  the  agents  was  the 
result  of  the  growing  stability  of  the  force.  "While  the  figures  of 
contract  laborers  recruited  and  of  Americans  employed  in  the 
United  States  and  the  Isthmus  of  Panama  apparently  show  a 
rapid  change  in  the  personnel  of  the  force,  it  was  not  due,  except 
in  the  small  minority  of  cases,  to  the  conditions  on  the  Canal. 
The  Isthmus,  in  turn,  was  used  as  a  recruiting  ground  by  every 
large  construction  enterprise  throughout  Central  and  South 
America.  The  Madeira  &  Mamore  Railway,  constructed  by 
Americans  in  Brazil,  was  largely  manned,  from  its  Chief  Engi- 
neer down  to  its  unskilled  labor,  by  ex-Canal  employees.  Ameri- 
cans, Spaniards  and  "West  Indians  on  the  Canal  work  were 
drawn  on  for  enterprises  in  Chile,  Peru,  Ecuador  and  Central 
America.  This  was  largely  prevented  after  1908  by  the  passage 
of  a  law  by  the  Panamanian  Government  forbidding  the  recruit- 
ing of  labor  on  the  Isthmus.  The  force  within  the  last  six  years 
of  the  construction  period  was,  considering  the  conditions,  a 
very  stable  one,  and  this  was  due  to  the  fact  that  the  men  brought 
to  the  Isthmus  were,  in  the  main,  contented  with  their  surround- 
ings. The  steps  taken  to  insure  an  efficient  and  contented  force 
are  described  as  follows : 
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QUAKTEKS. 

When  the  French  company  turned  over  the  Canal  to  the 
Americans,  there  were  2148  houses  belonging  to  the  company  in 
various  settlements  along  the  Isthmus.  All  of  them  were  old 
and  almost  all  of  them  were  in  a  very  dilapidated  condition.  Up 
to  the  end  of  1905,  the  quarters  were  not  only  insufficient  in 
quantity  but  were  of  such  a  character  that  the  employees  were 
very  discontented.  Mr.  Stevens  recognized  this  fact,  and  imme- 
diately after  his  arrival  organized  a  building  department  with  a 
very  large  force,  which  set  to  work  to  provide  quarters  on  a 
large  scale  for  present  and  future  forces. 

The  building  construction  was  all  frame.  A  large  number 
of  so-called  tropical  flats  or  frame  four-family  apartment  houses 
were  put  up  to  accommodate  American  families.  Besides  these, 
cottages  and  somewhat  more  pretentious  houses  were  erected  for 
the  higher  salaried  employees  and  officials.  All  houses  erected 
were  screened,  modern  plumbing  installed  and  conveniences 
heretofore  unknown  in  the  tropics  supplied.  The  houses  were 
furnished  without  rent  by  the  Isthmian  Canal  Commission.  The 
furniture  was  supplied  free,  also  water,  fuel  and  light.  Two 
types  of  houses,  the  first  accommodating  24  and  the  second  48 
men,  were  erected  for  bachelor  employees. 

While  the  accommodations  furnished  to  married  Americans 
were  much  more  expensive  than  those  furnished  bachelors,  it  was 
realized  that  to  keep  a  stable  and  contented  force  on  a  job  that 
would  take  from  five  to  ten  years  to  complete,  it  would  be  neces- 
sary to  allow  a  certain  proportion  of  the  men  to  bring  their  fami- 
lies to  the  Isthmus.  At  one  time  almost  2000  American  families 
were  in  Commission  quarters  on  the  Isthmus,  or  40%  of  the 
"Gold"  force. 

A  large  number  of  barracks  for  the  laborers  were  erected 
and  equipped  with  Standee  bunks  or  cots.  Outside  closets,  bath 
houses  and  wash  houses  were  provided  in  the  colored  camps 
adjacent  to  the  barracks. 

To  properly  equip,  care  for  and  assign  the  quarters  was  in 
itself  a  considerable  task,  and  a  department  was  formed,  origin- 
ally known  as  the  Department  of  Labor,  Quarters  &  Subsistence, 
later  known   as  the   Quartermaster's  Department,   which  was 
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charged  not  only  with  the  recruiting  of  labor  but  with  the  assign- 
ment and  care  of  quarters  for  skilled  and  unskilled  labor  after  it 
arrived  on  the  Isthmus.  Janitors  were  provided  for  the  Ameri- 
can bachelor  employees,  and  also  for  the  barracks  for  the  colored 
and  European  laborers.  All  such  quarters  were  kept  in  a  clean, 
sanitary  condition.  The  married  employees  were  obliged  to  care 
for  their  own  houses,  but  the  grounds  were  policed,  garbage 
removed  and  commissary  deliveries  made  by  the  forces  of  the 
Quartermaster 's  Department. 

POOD. 

There  were  no  adequate  facilities  for  feeding  the  force  when 
first  organized.  Very  little  produce  of  any  kind  was  raised  on 
the  Isthmus,  and  there  were  but  few  stores,  those  in  existence 
charging  very  exorbitant  prices.  Under  these  conditions,  to  feed 
50,000  employees  and  their  dependents  was  in  itself  a  tremendous 
task,  and  the  solution  of  the  problem  was  one  of  the  greatest 
features  toward  getting  a  healthy  and  contented  force.  An  ice 
and  cold  storage  plant,  bakery,  laundry,  and  wholesale  ware- 
house were  erected  at  Cristobal,  the  Atlantic  terminus  of  the 
■Canal.  Ample  refrigerating  facilities  were  provided  in  Panama 
Railroad  steamers  and  a  number  of  refrigerating  cars  provided  by 
-the  Panama  Railroad.  Commissaries  were  established  at  every  set- 
tlement along  the  Isthmus  where  work  was  being  carried  on.  A 
supply  train  carrying  the  ice  and  cold  storage  supplies  to  all 
employees  on  the  Isthmus  was  sent  out  daily  from  Cristobal  and 
supplies  delivered  to  the  line  commissaries  and  families.  These 
■commissaries  were  really  small  department  stores  carrying  all 
the  necessaries  of  life  and  some  of  the  luxuries.  Their  business 
developed  to  huge  proportions,  the  sales  at  one  time  averaging 
•over  half  a  million  dollars  per  month.  They  were  self-sustaining, 
but,  on  account  of  the  volume  of  the  business  transacted,  prices 
were  very  reasonable.  After  1908  it  was  possible  for  the  wage 
earner  on  the  Canal  to  obtain  the  necessities  of  life  at  prices 
lower  than  he  would  pay  in  retail  stores  in  most  parts  of  the 
United  States. 

Hotels  or  restaurants  were  erected  for  the  American  bache- 
lors. These  restaurants  furnished  30c  meals.  A  number  of  mess 
halls  were  put  up  for  the  European  laborers  where  meals  were 
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furnished  at  40c  per  diem.  Kitchens  were  erected  for  the  West 
Indian  laborers  and  rations  furnished  and  cooked  in  these 
kitchens  for  30c  per  diem.  Every  possible  effort  was  made  to 
insure  comfortable  living  quarters  and  proper  food,  and  although, 
on  account  of  lack  of  facilities,  it  was  an  up-hill  task  in  the  begin- 
ning, the  problem  was  worked  out,  and  no  large  body  of  men 
ever  lived  under  such  favorable  conditions  as  the  employees  of 
the  Canal  during  the  construction  period. 

HEALTH. 

The  work  of  the  Sanitary  Department  has  been  so  often 
described  that  it  is  unnecessary  to  discuss  it  in  this  paper.  It  is 
sufficient  to  state  that  the  Isthmus  of  Panama,  once  a  pest  hole, 
has  been  made  healthy,  and  the  sick  and  death  rate  among 
employees  reduced  to  a  minimum.  This  was  accomplished  by  a 
strict  quarantine,  effective  sanitary  measures,  and  a  modern  and 
up-to-date  system  of  hospitals.  Strict  quarantine  prevented  dis- 
ease being  brought  to  the  Isthmus  from  the  plague  and  fever 
infected  ports  of  Central  and  South  America.  An  efficient  sani- 
tary division  adopted  every  preventive  method  possible,  elim- 
inated the  yellow  fever  bearing  mosquito  and  largely  reduced  the 
malaria  spreading  mosquito.  Dispensaries  with  capable  doctors 
were  located  at  every  point  along  the  Isthmus,  and  two  large  base 
hospitals  established  in  Ancon  and  Colon,  where  the  best  medical 
attendance  was  given  to  sick  employees. 

Medical  attendance  was  furnished  free  to  every  employee 
and  to  every  member  of  his  family. 

COMPENSATION  ACT. 

On  account  of  the  magnitude  of  the  work  and  dangerous 
character  of  much  of  the  construction,  there  were  a  great  num- 
ber of  unavoidable  accidents,  particularly  during  the  early  period 
of  the  work.  The  West  Indian  and  European  laborers  were  orig- 
inally entirely  ignorant  of  the  dangerous  character  of  explosives, 
and  many  accidents  resulted.  The  compensation  act  was  finally 
passed,  which  protected  not  only  the  Americans,  but  also  the 
West  Indian  and  European  laborers,  in  case  of  injury  or  death 
from  results  of  accidents  on  the  work. 
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LEAVE  PKIVILEGE'S. 

Liberal  leave  privileges  were  granted  throughout  the  con- 
struction of  the  Canal.  Six  weeks  leave  with  pay  was  given  each 
year  to  every  American  employee  on  the  monthly  roll,  and 
reduced  rate  granted  on  Government  boats  between  New  York 
and  Colon.  In  addition,  thirty  days  sick  leave,  with  pay,  was 
allowed  to  every  American  employee,  and  in  the  event  of  an 
employee  being  incapacitated  by  injury  occurring  in  perform- 
ance of  his  duty,  an  additional  thirty  days  leave,  with  pay,  was 
granted. 

MISCELLANEOUS. 

Public  schools  were  maintained  for  American  children,  also 
for  the  native  and  West  Indian  children.  Buildings  were  pro- 
vided for  religious  purposes  and  chaplains  representing  the  vari- 
ous denominations  were  carried  on  the  rolls  of  the  Commission. 
Six  T.  M.  C.  A.  buildings  were  constructed  free  of  cost  by  the 
Commission,  which  also  contributed  a  portion  of  their  operating 
expenses.  Suitable  meeting  places  were  provided  for  fraternal 
orders  and  lodges.  Every  assistance  was  given  to  legitimate 
organizations  for  promoting  recreation  for  the  employees. 

Complaints :  Col.  Goethals,  at  the  head  of  the  work,  gave 
free  access  to  every  employee  desiring  to  lodge  a  complaint.  A 
painstaking  investigation  was  made  of  every  case.  Every  just 
complaint  received  redress,  and  the  evils  inherent  in  any 
bureaucracy  were  minimized. 

CONCLUSION. 

When  the  size  and  character  of  the  work  and  composition  of 
the  force  are  considered, — a  force  drawn  from  such  widely  scat- 
tered sources  and  with  such  diverse  aims  and  objects, — it  must 
be  admitted  that  to  weld  it  together  and  inspire  it  with  an 
enthusiastic  esprit  de  corps  was  one  of  the  greatest  triumphs  of 
the  work.  The  Canal  will  always  remain  a  material  monument 
from  a  construction  and  engineering  standpoint;  it  will  also 
stand  as  a  monument  in  the  minds  and  hearts  of  the  employees 
who  worked  on  it  during  the  construction  period — a  monument 
no  less  enduring  than  its  physical  presence.    Every  wage  earner, 
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whether  a  high  salaried  superintendent  or  division  head,  or  the 
lowest  paid  West  Indian  laborer,  was  given  a  chance  in  every 
sense  of  the  term,  and  was  able  to  earn  more  than  his  living 
expenses.  The  handling  of  the  working  force  during  the  con- 
struction of  the  Canal  will  always  stand  as  a  model  of  an  intelli- 
gent, just  and  liberal  treatment  of  labor. 
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PURCHASE  OF  SUPPLIES  FOR  THE  PANAMA  CANAL. 


By 

Major  P.  C.  BOGGS,  M.  Am.  Soe.  C.  E. 
Corps  of  Engineers,  TJ.  8.  Army- 
General  Purchasing  Officer  of  The  Panama  Canal 
Washington,  D.  C,  V.  S.  A. 


Purchasing  for  the  Government  is  so  bound  around  by 
rules,  regulations  and  restrictions,  in  common  parlance  "red 
tape",  that  to  the  average  layman  "Government  Purchase"  is 
synonymous  with  unbusinesslike  methods  and  extravagance. 
Instead  of  attributing  these  rules  to  the  proper  source,  the 
individual  official  is  frequently  held  responsible,  and  his  refusal 
to  adopt  so-called  commercial  methods  of  business  is  claimed  to 
be  due  to  a  dictatorial  spirit  and  to  a  desire  to  impress  with  his 
brief  authority.  "Red  tape"  is  in  fact  merely  another  name  for 
method  and  system  and,  while  undoubtedly  exasperating  in 
certain  individual  cases,  is  essential  in  carrying  on  a  business 
of  any  importance.  With  some  of  the  larger  private  corpora- 
tions there  is  fully  as  much  as  with  the  government,  and  possi- 
bly more. 

While  this  paper  is  devoted  mainly  to  the  methods  of  pur- 
chase used  in  connection  with  the  construction  of  the  Panama 
Canal,  yet  it  deals  to  a  certain  extent  with  the  larger  question 
of  government  purchases  in  general  and,  it  is  hoped,  will  an- 
swer some  of  the  criticisms  which  are  leveled  at  government 
officials. 

CLASSES  OP  SUPPLIES. 

The  supplies  used  at  Panama  may  be  divided  into  two  gen- 
eral classes:  construction  supplies,  and  subsistence  supplies. 

The  second  class  includes  such  articles  as  eatables,  cloth- 
ing, shoes,  toilet  necessaries,  etc.  The  first  class  includes  con- 
struction material  and  tools  and  equipment  of  all  kinds  needed 
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in  the  actual  work  on  the  Canal,  or  in  a  few  words,  all  material 
not  included  in  the  second  class.  The  latter  caters  to  the  work ; 
the  former  to  the  individual  workman.  With  a  few  exceptions 
all  items  of  the  first  class  were  bought  through  the  purchasing 
department  of  the  Isthmian  Canal  Commission  in  Washington. 
Those  of  the  second  class  were  handled  through  a  department 
of  the  Panama  Railroad  in  New  Tork  and  are  not  considered  in 
this  discussion. 

The  system  of  supply  is  practically  the  same  now  as  during 
the  life  of  the  Isthmian  Canal  Commission.  For  convenience 
therefore  the  official  designations  formerly  in  force  will  be  used 
throughout  this  paper.  The  Chairman  and  Chief  Engineer 
under  the  Isthmian  Canal  Commission  performed  in  general 
such  duties  as  are  now  vested  in  the  Governor  of  the  Panama 
Canal  Zone. 

REQUISITIONS. 

The  handling  of  supplies  on  the  Isthmus  is,  it  is  under- 
stood, to  be  considered  in  another  paper  and  it  is  sufficient  here 
to  say  that  requisitions  were  submitted  in  the  usual  way.  Such 
items  as  could  be  supplied  from  stock  were  turned  over  to  the 
division  submitting  the  requisition.  Items  that  could  not  be 
so  supplied,  and  items  needed  to  keep  up  the  general  stock, 
were  consolidated  in  requisitions  which,  after  the  approval  of 
the  Chairman  and  Chief  Engineer,  were  mailed  to  the  Purchas- 
ing Office  of  the  Commission  in  Washington,  D.  C.  When  re- 
ceived in  Washington  the  requisitions  were  separated,  those 
calling  for  proprietary  articles,  or  supplies  urgently  needed, 
going  to  the  "open  market"  desk,  while  those  which  included 
articles  not  urgently  needed  were  sent  to  the  "advertising" 
desk. 

At  the  "open  market"  desk  items  were  again  divided.  To 
cover  proprietary  or  repair  articles,  and  articles  very  urgently 
needed  or  of  small  value,  letters  requesting  prices  and  guaran- 
teed deliveries  were  sent  to  the  maker  specified,  or  to  a  manu- 
facturer who  had  satisfactorily  furnished  the  same  supplies 
previously.  For  other  items  similar  letters  were  sent  to  two 
or  more  firms,  depending  on  the  urgency,  the  value  and  the 
nature  of  the  article. 
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At  the  "advertising"  desk  the  various  items  were  classified 
and  prepared  for  printed  or  mimeographed  circulars.  These 
circulars  gave  full  information  to  the  bidder,  all  data  relative 
to  general  requirements,  methods  of  payment,  etc.,  being  in- 
serted on  the  front  page  or  in  the  contract  form  which  formed 
a  part  of  each  circular,  while  the  specifications  relative  to  the 
particular  article  followed  each  class.  Blank  spaces  were  left 
for  insertion  by  the  bidder  of  unit  and  total  prices  and  for  the 
name  of  the  maker  of  the  article  and  the  place  of  manufacture. 
The  bidder  was  also  requested  to  insert,  in  space  left  therefor, 
the  guaranteed  time  of  delivery  at  the  Isthmus. 

ADVERTISING. 

Under  the  law  any  article  whose  estimated  value  was  over 
$10,000.00  was  required,  except  in  emergencies,  to  be  adver- 
tised in  newspapers,  while  for  articles  under  $10,000.00  and 
over  $1,000.00  it  was  sufficient  to  advertise  by  sending  out  cir- 
cular letters  or  notices,  and  by  posting  such  notices  in  a  public 
place.  For  articles  the  value  of  which  was  under  $1,000  no 
special  legislation  had  been  provided,  and  they  could  have  been 
bought  without  advertising  or  circular  letter  if  desired.  In 
case  of  emergency,  advertising  of  any  kind  could  be  waived, 
subject,  however,  to  the  approval  of  the  Secretary  of  "War  in 
the  case  of  articles  of  which  the  value  was  in  excess  of  $10,- 
000.00. 

Under  the  system  adopted,  however,  competition  was 
sought  wherever  practicable,  irrespective  of  the  price,  the 
object  being  to  obtain  a  satisfactory  article  at  the  lowest  possi- 
ble figure.  As  previously  indicated,  circular  letters  were  sent 
to  a  limited  number  of  such  firms  as  experience  indicated  were 
in  a  position  to  supply  what  was  needed  at  reasonable  prices. 
Printed  and  mimeographed  circulars  were,  however,  sent  to  all 
firms  who  were  listed  in  the  Washington  Office  as  handling  the 
various  articles  included.  These  circulars  were  also  sent  to 
Boards  of  Trade  and  Government  Offices  throughout  the  coun- 
try, from  Portland,  Me.,  to  San  Francisco  and  from  the  Great 
Lakes  to  New  Orleans.  Information  relative  to  items  desired 
was  also  printed  in  the  "Government  Advertiser"  of  Washing- 
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ton,  D.  C,  and  advertisements  were  inserted  in  various  news- 
papers.   In  this  manner  the  widest  publicity  was  given. 

AWARDS. 

The  bids  on  all  circulars  and  practically  all  circular  letters 
were  opened  publicly  on  a  certain  specified  date  and  hour. 
Interested  bidders  were  permitted  to  be  present  at  the  opening, 
at  which  time  bids  were  read  and  recorded  on  an  abstract.  One 
copy  of  all  bids  was  available  for  reference  by  representatives 
of  the  contractors  or  others  who  had  a  bona  fide  reason  for 
investigating  them.  In  some  eases  certain  data  were  made  con- 
fidential and  were  not  shown  to  other  bidders,  as,  for  example, 
when  a  bidder  submitted  a  design  which  had  not  yet  been 
patented.    These  cases  were,  however,  very  infrequent. 

Information  relative  to  materials  needed  by  the  Isthmian 
Canal  Commission  was  published  in  the  "Government  Adver- 
tiser ' '  and  full  data  relative  to  all  awards  appeared  in  the  same 
paper.  It  is  thus  seen  that  the  public  in  general  has  had  every 
opportunity  of  becoming  familiar  with  the  wants  of  the  Panama 
Canal,  and  has  also  been  given  full  opportunity  of  knowing 
just  what  action  has  been  taken. 

The  Joint  Resolution  of  Congress,  Approved  June  25,  1906, 
provided  as  follows : 

"That  purchases  of  material  and  equipment  for  use  in 
the  construction  of  the  Panama  Canal,  shall  be  restricted 
to  articles  of  domestic  production  and  manufacture,  from 
the  lowest  responsible  bidder,  unless  the  President  shall, 
in  any  case,  deem  the  bids  or  tenders  therefor  to  be  extor- 
tionate or  unreasonable". 

The  proper  interpretation  of  the  above  involves  the  under- 
standing that  award  should  be  made  to  the  lowest  responsible 
bidder  for  the  material  called  for.  If  the  low  bidder  were 
known  not  to  be  responsible,  or  had  given  repeated  unsatisfac- 
tory service,  it  has  been  construed  that  the  law  did  not  compel 
award  to  such  a  bidder.  Also  if  a  bidder  modifies  the  specifi- 
cations, and  quotes  on  some  article  not  called  for  by  the  Isth- 
mian Canal  Commission,  it  can  hardly  be  reasoned  that  Con- 
gress intended  an  award  should  be  made  to  him. 
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In  handling  awards  under  any  particular  item,  the  abstract 
was  consulted  and  the  low  bid  was  referred  to.  If  this  low  bid 
was  satisfactory  in  all  respects,  no  further  investigation  was 
made,  the  theory  being  that  certain  material  was  asked  for, 
under  certain  specifications,  and  that,  except  in  unusual  cases, 
the  government  would  not  be  warranted  in  purchasing  at  a 
higher  price  other  material,  although  the  more  expensive  mate- 
rial might  be  better  than  that  specified.  This  theory  of  course 
does  not  hold  where  the  award  depends  on  the  samples  or  speci- 
fications to  be  submitted  by  the  bidder,  in  which  case  the  Isth- 
mian Canal  Commission  always  reserved  the  right  to  make  such 
award  as  was  deemed  to  the  best  interests  of  the  government. 

The  total  prices  are  not  always  a  proper  indication  of  the 
relative  order  of  the  bidders,  since  in  submitting  bids  one 
bidder  might  figure  the  total  weight  of  a  certain  article  to  be 
greater  or  less  than  another  bidder.  In  cases  of  this  kind  the 
unit  prices  were  generally  held  to  govern  and  award  was  made 
accordingly. 

Frequently  letters  were  received  asking  to  be  advised  of 
awards  and  requesting  information  relative  to  the  bids  received 
and  prices  quoted.  It  is  feared  that  enquirers  have  often  felt 
-that  the  Isthmian  Canal  Commission  was  withholding  informa- 
tion, when  they  were  advised  that  it  was  impracticable  to  an- 
swer such  letters  in  detail.  However,  it  can  readily  be  under- 
stood that  if  an  answer  be  made  to  one,  it  cannot  be  refused  to 
another,  and  if  an  attempt  were  made  to  advise  each  bidder  of 
all  bids  received,  the  additional  work  would  have  been  of  such 
a  large  volume  that  it  would  have  been  simply  impossible  to 
have  added  it  to  the  regular  routine  work,  without  increasing 
the  force  of  clerks  beyond  the  limits  authorized  by  Congress. 
Under  these  circumstances  we  were  unable  to  give  this  informa- 
tion but  advised  the  persons  making  inquiries  that  they  could 
find  it  in  full  in  the  "Government  Advertiser". 

The  subject  of  permitting  changes  in  bids  after  the  same 
were  opened  was  one  which  was  frequently  raised  by  bidders. 
The  rule  adopted  was  that  no  change  was  permitted  in  any  bid 
and  if  the  prices  were  reasonable  no  additional  bids  were  asked 
for.  This  rule  was  maintained  rigidly  in  connection  with  all 
items  of  a  bid  which  might  be  considered  as  affecting  the  price. 
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For  example  if  the  earliest  possible  delivery  was  asked  for,  and 
the  statement  was  made  that  early  delivery  was  essential  and 
would  be  considered  in  making  the  award,  or  if  we  asked  for 
delivery  on  a  certain  date,  this  delivery  was  considered  an 
essential  part  of  the  bid  and  no  change  was  permitted  after 
the  opening.  If  on  the  other  hand,  no  special  comment  was 
made  relative  to  the  urgency  of  the  delivery,  bidders  were  some- 
times permitted  to  modify  their  deliveries. 

At  times  this  rule  seemed  to  work  a  hardship  on  the  gov- 
ernment, as  we  were  occasionally  compelled  to  accept  a  higher 
price,  where  the  low  bidder  would  probably  have  short- 
ened his  time.  However,  in  the  long  run  it  is  felt  that  the  gov- 
ernment benefited,  as,  if  bidders  were  authorized  to  change 
essential  items  in  their  bids,  there  would  have  been  no  assur- 
ance that  their  first  bids  were  based  on  the  best  price  and 
deliveries,  whereas,  after  the  rule  became  known,  bidders  were 
aware  of  the  fact  that  if  they  wished  to  obtain  the  business, 
they  must  submit  the  lowest  possible  price  and  least  delivery 
time  in  their  original  tender. 

FOKEIGN  MATEEIAL. 

It  may  be  of  interest  to  insert  here  the  rule  which  was 
adopted  under  the  Isthmian  Canal  Commission  to  govern  pur- 
chase of  foreign  material. 

In  interpreting  the  latter  part  of  the  Joint  Resolution  of 
Congress  quoted  above,  the  final  instructions  issued  by  the 
President  under  date  of  March  2,  1909,  were  as  follows : 

"The  White  House,  "Washington,  March  2,  1909. 
To  The  General  Purchasing  Officer, 

Isthmian  Canal  Commission. 

The  following  executive  instructions  in  furtherance  of 
Joint  Resolution  No.  35  of  June  25,  1906  (34  Stat.  L.,  835), 
will  hereafter  control  in  comparing  bids  for  materials  to  be 
used  in  connection  with  construction  of  the  Isthmian  Canal 
and  in  determining  awards  thereon. 

When  bids  which  are  submitted  on  materials  of  for- 
eign production  are  lower  than  on  material  of  domestic 
production  and  manufacture,  preference  will  be  given  to 
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the  article  of  domestic  production  and  manufacture,  unless 
the  bid  for  the  latter  exceeds  the  former  by  an  amount 
equal  to  the  duty  on  the  imported  article.  Where  an  ar- 
ticle of  domestic  manufacture  is  made  up,  in  part,  of  im- 
ported ingredients  or  components,  the  presence  of  such 
components  will  be  ignored,  if  the  duty  has  been  paid.  If, 
however,  the  article  is  manufactured  in  bond,  or  if  the  bid 
is  based  on  a  drawback  being  paid  or  allowed,  the  amount 
of  such  duty  or  drawback  should  be  similarly  considered 

in  making  the  award.  _  _ 

Theodore  Roosevelt." 

It  is  noted,  however,  that  this  Executive  Order  was  merely 
a  general  rule  for  the  guidance  of  the  Purchasing  Officer  of  the 
Isthmian  Canal  Commission,  and  it  did  not  bind  the  President 
to  accept  a  bid  on  foreign  material  under  the  conditions  laid 
down,  for,  if  he  felt  that  a  bid  on  domestic  material,  even 
though  it  might  be  greater  than  the  foreign  bid  plus  the  duty, 
was  still  not  exorbitant,  he  would,  under  the  Joint  Resolution, 
have  been  required  to  direct  that  the  award  should  go  to  the 
domestic  concern. 

CONTRACTS. 

As  soon  as  items  were  awarded,  the  formal  order  was  pre- 
pared, either  in  the  form  of  a  written  contract  in  cases  where 
the  amounts  were  in  excess  of  $10,000.00,  or  in  the  form  of  an 
order.  These  order  forms  referred  to  the  terms  of  the  specifi- 
cations and  included  such  additional  data  as  were  necessary 
for  the  proper  supplying  and  shipping  of  the  material.  With 
each  order  a  set  of  shipping  instructions  was  enclosed  to  the 
contractor,  giving  him  definite  information  as  to  how  material 
should  be  shipped,  what  papers  should  be  forwarded  to  various 
destinations,  etc. 

INSPECTIONS. 

One  copy  of  every  order  was  forwarded  to  the  Inspecting 
Engineer  who  was  at  the  head  of  the  inspecting  department, 
which  department  was  directly  under  the  General  Purchasing 
Officer.  The  order  form,  when  received,  was  carefully  noted  by 
the  Inspecting  Engineer  or  by  one  of  his  assistants,  and  a  short 
form  was  filled  out  making  notation  of  the  various  papers. 
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specifications,  drawings,  etc.,  which  would  be  needed  in  hand- 
ling the  inspection  of  the  order,  so  that  when  the  material  was 
reported  as  ready,  no  time  was  wasted  in  getting  together  the 
papers.  Frequently  this  investigation  developed  uncertain 
points  which,  if  they  had  arisen  later,  might  have  delayed  the 
furnishing  of  the  material. 

The  Inspecting  Engineer,  on  the  receipt  of  this  order  form, 
immediately  sent  to  the  contractor  a  form  letter  asking  to  be 
advised  when  and  where  the  material  would  be  ready  for  in- 
spection. On  receipt  of  reply  to  this  letter  (which,  by  the  way, 
was  frequently  not  forthcoming  until  a  second  or  even  a  third 
request),  all  the  necessary  papers  were  sent  to  our  nearest  in- 
spector, with  instructions  to  keep  in  touch  with  the  contractor 
and  make  the  inspection  on  the  date  specified.  The  inspector, 
if  he  found  the  material  satisfactory,  filled  out  a  form  giving  the 
contractor  authority  to  ship  the  material,  one  copy  of  this  au- 
thority being  forwarded  to  the  Inspecting  Engineer  and  another 
copy  being  forwarded  to  one  of  our  agents  at  the  seaport  through 
which  the  material  would  be  shipped,  in  order  that  he  might 
keep  track  of  it  and  see  that  it  went  forward  promptly. 

It  has  always  been  a  rule  to  allow  our  inspectors  very  small 
latitude  in  the  matter  of  departures  from  specifications,  and 
any  such  departures  were  immediately  reported  to  the  Inspect- 
ing Engineer,  to  be  passed  on  by  him,  or  by  the  General  Pur- 
chasing Officer.  In  this  way  we  were  reasonably  sure  that 
inspections  of  similar  material  from  different  parts  of  the  coun- 
try were  being  handled  in  exactly  the  same  manner. 

In  certain  cases,  before  shipment  was  authorized,  it  was 
necessary  to  have  samples  of  material  analyzed  or  subjected  to 
certain  physical  tests.  Samples  were  not  taken  until  the  mate- 
rial was  prepared  for  shipment  and,  when  taken,  the  containers 
were  sealed  by  our  inspector  and  properly  marked  so  that 
there  would  be  no  danger  of  the  substitution  of  other  material. 
These  samples,  having  been  taken  by  our  inspector,  were  for- 
warded either  to  Washington  for  analysis  and  test  by  one  of 
the  technical  government  bureaus,  or  to  Pittsburg,  where  we 
maintained  a  small  laboratory  of  our  own.  As  soon  as  the 
samples  were  reported  on,  the  contractor  was  notified  to  make 
shipment,  if  the  result  was  satisfactory;  or  he  was  advised  of 
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the  rejection  of  the  material,  if  the  result  was  not  satisfactory. 
In  either  ease  a  printed  form  was  filled  out  and  the  information 
as  to  the  acceptance  or  rejection  was  furnished  to  the  con- 
tractor and  to  the  authorities  on  the  Isthmus,  so  that  they  might 
know  the  status  of  the  particular  order.  Bach  inspection  was 
covered  by  the  inspector  in  a  report,  which  merely  consisted  in 
his  filling  out  certain  blanks  replying  to  certain  printed  ques- 
tions, which  were  indicated  on  the  report  form.  These  answers 
included  all  the  data  which  were  necessary  to  adjudicate  the 
order  finally  and  were  found  preferable  to  the  ordinary  type- 
written report,  from  which  essential  data  were  frequently 
omitted. 

In  connection  with  the  inspections  by  the  Isthmian  Canal 
Commission,  it  was  found  necessary,  as  work  proceeded,  to 
build  up  quite  a  large  inspection  force,  the  members  of  which 
were  directly  employed  by  the  Isthmian  Canal  Commission  and 
were  under  the  supervision  of  the  Inspecting  -Engineer.  In 
addition  to  these  inspectors,  who  were  stationed  at  various 
large  cities  throughout  the  country,  the  Isthmian  Canal  Com- 
mission was  authorized  to  ask  the  various  District  Engineer 
Officers  of  the  United  States  Army  to  handle  small  inspections, 
and  the  assistance  given  by  this  branch  of  the  service  was  ma- 
terial in  permitting  prompt  handling  of  orders.  The  Isthmian 
Canal  Commission  has  also  worked  in  close  harmony  with  the 
various  technical  branches  of  the  government.  A  large  pro- 
portion of  our  analytical  tests  and  a  great  many  of  our  physical 
tests  were  made  by  the  Bureau  of  Standards,  the  Bureau  of 
Chemistry,  and  the  Bureau  of  Mines.  Frequent  expert  assist- 
ance was  also  given  by  the  Bureau  of  Forestry  and  the  Bureau 
of  Plant  Industry.  The  work  of  these  departments  is  of  the 
highest  grade.  If  a  rejection  based  on  the  report  of  one  of 
the  bureaus  was  complained  of  by  the  contractor,  he  was  al- 
ways given  the  privilege  of  consulting  the  particular  bureau 
from  which  the  report  originated.  There  are  very  few,  if  any, 
instances  on  file  where  the  contractor  did  not  finally  accept  the 
report  of  the  Bureau  and  indicate  his  belief  that  the  work  of 
the  Bureau  could  not  be  questioned.  As  one  instance  of  the 
assistance  given,  it  is  noted  that  all  the  technical  work  in  the 
inspection  and  testing  of  the  cement  furnished  to  the  Panama 
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Canal  was  done  under  the  direction  of  the  Bureau  of  Standards. 
As  the  shipments  of  cement*  at  one  time  amounted  to  7,000  bar- 
rels per  day,  and  the  total  amount  of  cement  furnished  was  ap- 
proximately 6,500,000  barrels,  it  can  readily  be  seen  that  the 
work  involved  was  of  no  light  character. 

The  system  just  described  has  reference  to  the  usual  in- 
spections covering  ordinary  supplies.  In  connection  with  large 
contracts,  which  required  considerable  time  for  execution  and 
involved  a  special  force  for  the  inspection  work  at  shops  and 
mills,  a  slightly  different  system  was  followed.  In  these  cases 
the  work  was  assigned  to  an  Assistant  Engineer  who  reported 
either  direct  to  the  General  Purchasing  Officer  or  to  the  author- 
ities on  the  Isthmus.  This  Assistant  Engineer  was  in  charge  of 
the  local  work  of  inspection  and  had  under  him  such  inspectors 
as  were  needed,  such  assistance  of  course  being  rendered  by  the 
regular  inspecting  force  under  the  Inspecting  Engineer  as 
■could  be  given  from  time  to  time.  Some  of  the  works  carried  on 
under  these  special  inspecting  forces  were  the  inspection  of  the 
lock  gates,  the  emergency  dams,  the  electrical  installations  on 
the  Isthmus  and  the  sea-going  dredges  and  other  large  floating 
equipment.  It  is  noted  however  that  the  bulk  of  the  work  fell 
directly  under  the  Inspecting  Engineer. 

FOLLOW-UP  SYSTEM. 

When  an  order  was  placed,  a  copy  of  this  order  was  sent  to 
the  "follow-up"  or  "punching"  desk.  On  receipt  of  this  copy 
it  was  examined,  the  date  of  delivery  called  for  was  noted,  and 
the  urgency,  and  the  character  of  the  material  were  taken  into 
account. 

Based  on  these  a  note  was  made  at  an  advanced  date  in  a 
diary  kept  for  that  purpose,  to  look  up  the  order  referred  to. 
When  the  date  arrived  the  order  was  examined,  the  status  was 
determined  and  the  contractor,  in  case  circumstances  seemed  to 
warrant,  was  requested  to  expedite  the  work.  A  note  was 
again  made  on  a  further  advanced  date  and  the  order  was  again 
called  up  at  that  time.  In  this  way  every  urgent  order  was 
closely  followed  and  every  effort  was  made  to  expedite  delivery. 

The  set  of  orders  designated  for  this  room  was  kept  on 
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file  there,  and  as  the  shipping  papers  were  received,  notations 
were  made  on  the  orders  to  indicate  what  parts  of  the  material 
had  gone  forward.  When  the  order  was  completed  this  copy 
was  transferred  from  the  active  file  to  the  completed  file,  and 
it  was  therefore  possible  at  any  time  by  reference  to  the  active 
file,  to  find  out  exactly  how  many  orders  were  still  outstanding 
and  what  amount  of  material  had  been  shipped  on  each  one. 

RECORD  ROOM. 

The  system  of  filing  and  keeping  track  of  the  records  was 
not  in  accordance  with  modern  ideas,  but,  in  view  of  the  pecu- 
liar circumstances,  was  found  perfectly  satisfactory.  All  req- 
uisitions received  from  the  Isthmus  bore  a  certain  number. 
So  far  as  correspondence  with  the  Isthmus  was  concerned,  any 
item  mentioned  in  that  requisition  was  always  referred  to  by 
the  requisition  number  and  the  item  number  thereon.  Until  a 
particular  item  of  a  requisition  was  included  in  a  printed  circu- 
lar or  was  covered  by  an  order,  all  papers  relative  to  that  par- 
ticular item  were  filed  on  the  requisition  file.  As  soon  as  the 
item  was  placed  in  a  circular,  a  file  bearing  the  circular  number 
was  started,  and,  until  an  order  was  placed,  the  circular  number 
and  class  number  of  the  item  were  generally  referred  to. 
When  the  item  was  covered  by  an  order,  all  correspondence 
bore,  as  a  file  record,  the  order  number.  There  were,  in  addi- 
tion to  correspondence  in  connection  with  items  requisitioned 
for  from  the  Isthmus,  a  great  many  letters  and  documents 
which  bore  no  particular  reference  to  requisition,  circular  or 
order  number.  These  were  filed  in  miscellaneous  files  with 
cross-index  cards.  A  card  record  of  various  contractors  and 
orders  placed  on  them  was  kept  in  the  file  room  as  well  as  a 
card  record  of  all  orders  covering  any  particular  class  of  ma- 
terial. These  card  records  were  as  brief  as  possible  and  any 
special  information  was  obtained  by  referring  to  the  file  itself. 

All  through  the  work  an  attempt  was  made  to  keep  every 
one  interested  advised  of  the  status  of  the  various  orders,  and 
also,  by  reference  to  various  offices  interested,  to  check  the  or- 
ders as  placed  and  to  make  sure  that  there  were  no  errors.  The 
following  system  was  adopted :  A  copy  of  the  requisition  pre- 
pared on  the  Isthmus  was  forwarded  to  the  division  on  the 
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Isthmus  whose  requisition  had  been  consolidated  therein.  If 
any  error  was  noted  in  the  consolidation  it  was  the  duty  of  the 
division  making  the  original  requisition  to  call  attention 
promptly  to  it.  On  receipt  of  the  requisitions  in  the  United 
States  the  various  items  and  specifications  were  carefully  noted 
by  the  proper  clerk,  and,  if  any  discrepancy  was  discovered 
which  could  be  rectified  in  the  "Washington  Office,  it  was 
promptly  done,  and  the  authorities  on  the  Isthmus  were  noti- 
fied of  the  action  taken.  If  the  discrepancies  were  of  such  a 
nature  that  there  was  considerable  doubt  as  to  what  was  de- 
sired, the  matter  was  referred  to  the  authorities  on  the  Isthmus, 
either  by  letter  or  by  cable  as  the  urgency  demanded.  On  the 
issuance  of  a  circular  or  on  the  issuance  of  a  letter  asking  for 
prices,  a  copy  of  such  circular  or  letter  was  immediately  sent  to 
ihe  authorities  on  the  Isthmus.  Likewise  when  an  order  was 
placed,  two  copies  of  the  same  were  forwarded  to  the  Chief 
Quartermaster,  one  copy  being  placed  on  his  file  and  the  other 
copy  being  referred  to  the  division  which  made  the  original 
requisition.  This  order  was  checked  with  the  original  requisi- 
tion and  any  errors  were  promptly  reported. 

On  the  first  day  of  each  month  a  report  was  submitted  to 
the  authorities  on  the  Isthmus  indicating  what  items,  on  requi- 
sitions received  up  to  the  beginning  of  the  second  preceding 
month,  had  not  as  yet  been  ordered.  This  statement  was 
checked  by  the  authorities  on  the  Isthmus  and  in  this  way  as- 
surance was  given  that  no  items  had  been  overlooked. 

In  the  Washington  Office  the  original  requisition  was 
placed  in  a  separate  binder,  and,  as  the  orders  were  placed,  a 
notation  of  the  order  number  was  made  against  the  particular 
item  on  the  requisition.  As  the  original  requisitions  were  com- 
pleted they  were  carefully  examined  for  omissions,  were  re- 
moved from  the  active  file,  and  placed  in  separate  binders  in 
the  file  room. 

FORMS. 

Throughout  the  work  it  was  found  that  the  adoption  of 
form  letters  and  reports  was  very  convenient,  and  it  is  possible 
that,  in  the  opinion  of  persons  dealing  with  the  Panama  Canal, 
these  forms  may  have  been  increased  beyond  any  reasonable 
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amount.  The  great  advantage  is  that  there  is  no  danger  of 
omitting  information  which  is  desired,  and  there  is  moreover  no 
reason  for  including  extraneous  and  unnecessary  data.  These 
forms  have  been  found  extremely  valuable  in  the  work  and 
have  materially  assisted  in  the  proper  handling  thereof. 

CONCLUSIONS. 

The  experience  gained  from  several  years'  connection  with 
purchasing  supplies  for  the  Panama  Canal  has  convinced  the 
writer  that  there  are  certain  general  principles  which  must  be 
observed  in  government  purchases.  Some  of  these  are  almost 
axiomatic  and  others  will  doubtless  not  be  in  accordance  with 
the  view  of  either  the  seller  or  of  many  government  officials. 
These  principles  as  I  see  them  may  be  briefly  stated  as  follows : 

Specifications  covering  the  physical  and  chemical 
requirements  desired  should  be  drawn  with  a  view  not 
only  of  obtaining  satisfactory  material  but  also  of 
obtaining  the  cheapest  material  which  under  the  cir- 
cumstances will  meet  the  needs. 

It  is  noted  that  the  statement  is  made  that  the  cheapest 
material  acceptable  under  the  conditions  of  its  intended  use 
should  be  obtained,  and  not  that  the  cheapest  article  must  be 
taken.  There  is  a  very  widespread  but  mistaken  idea  that  the 
low  bidder  on  government  work  is  in  every  ease  entitled  to  the 
award.  If  the  statement  were  "the  low  bidder  under  and  in 
accordance  with  the  specifications ' ',  there  would  in  the  opinion 
of  the  writer  be  some  virtue  in  the  claim.  Even  here,  however, 
other  conditions  must  be  considered  as,  for  example,  the  former 
performance  of  contracts  by  the  same  bidder,  his  known  ability 
to  perform  the  work,  his  available  facilities  for  carrying  it  out 
and  a  consideration  as  to  whether  the  price  bid  is  sufficient  to 
permit  furnishing  the  material  desired  without  loss. 

The  last  consideration  is  desirable  but  is  not  without  diffi- 
culties in  execution.  A  government  official  is  not  authorized  to 
reject  a  bid,  nor  even  to  permit  a  bidder  to  withdraw  a  bid, 
unless  it  can  be  clearly  shown  that  it  was  based  on  a  clerical 
error.  A  plea  that  the  conditions  were  not  properly  judged,  or 
that  certain  items  were  forgotten,  is  not  sufficient  to  permit  a 
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bidder  to  withdraw.  On  the  other  hand,  even  if  the  price  does 
appear  unwarrantably  low,  there  may  be  reasons  which  enable 
or  induce  the  bidder  to  offer  his  material  at  an  apparent  losing 
figure.  For  example,  he  may  have  surplus  stock  which  he  de- 
sires to  clear,  or  he  may  have  purchased  raw  material  at  a 
former  very  low  figure.  Frequently,  in  connection  with  the 
Panama  Canal,  it  is  known  that  contracts  were  taken  at  an 
apparent  loss,  merely  for  the  sake  of  the  advertisement  which 
was  obtained  for  the  contractor  by  his  having  furnished  ma- 
terial for  this  work. 

If  it  could  be  legally  done,  the  writer  is  of  the  opinion, 
however,  that  if  a  bid  is  shown  to  be  unwarrantably  low,  the 
award  should  not  be  made  to  such  bidder,  as  it  is  almost  inva- 
riably the  case  that  difficulties  result  from  such  a  contract. 

Specifications  should  cover  the  material  desired.  They 
should  not  include  any  unnecessary  requirements,  nor  should 
they  omit  any  essentials.  The  cheapest  material  for  any  pur- 
pose depends  almost  entirely  on  the  conditions  under  which  it 
is  used.  For  permanent  shop  equipment  the  cheapest  tool  is 
determined  by  first  cost,  life  and  a  consideration  of  the  expenses 
which  may  be  involved  in  replacement ;  for  temporary  or  con- 
struction work  on  the  other  hand  where  the  life  is  limited  not 
by  wearing  out  from  reasonable  use,  a  lower  price  tool  is 
cheaper.  For  example,  it  was  found  much  more  economical  in 
the  long  run,  for  construction  work  on  the  Canal,  to  use  a. 
fairly  cheap  shovel  than  a  high  priced  one  which  would  prob- 
ably under  proper  use  outlast  the  former  two  to  one.  This  was 
due  to  the  fact  that  a  large  proportion  were  unavoidably  either 
lost  or  broken  from  misuse  before  they  would  have  been  dis- 
carded on  account  of  having  been  worn  out. 

Specifications  in  ordinary  eases  should  be  so 
drawn  as  to  permit  the  use  of  standard  commercial 
products. 

In  many  cases  the  ordinary  commercial  product  will  meet 
the  needs,  and,  in  such  cases,  the  demand  for  articles  to  meet 
special  specifications  adds  materially  to  the  price  and  delivery. 
The  increased  price  is  in  many  cases  not  an  equivalent  of  the 
increased  value  of  the  article,  for  as  every  manufacturer  knows, 
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even  a  slight  change  in  manufacture,  disarranges  schedules  and 
upsets  the  routine  work  of  factory  and  shop,  and  this  disar- 
rangement is  reflected  in  the  price  of  the  material.  Moreover, 
standard  products  are  the  result  of  long  experience,  and  their 
methods  of  manufacture  are  reduced  to  a  routine  which  enables 
their  production  at  a  minimum  price. 

It  is  not  intended  that  material  should  be  purchased  with- 
out specifications,  but  with  almost  every  article  there  are  cer- 
tain standard  methods  of  manufacture  which  can  be  readily 
specified  and  which  will  permit  competition  from  several  re- 
sponsible firms. 

The  contract  clauses  should  be  so  drawn  as  to  pro- 
tect the  contractor  as  well  as  the  government. 

Too  many  government  officials  adopt  the  principle  that  a 
contract  is  for  the  benefit  and  protection  of  the  government 
only.  If  a  bidder  in  preparing  his  prices  realizes  that  his 
rights,  if  a  contract  is  entered  into,  are  not  fully  guaranteed, 
he  will  increase  his  tender  accordingly.  On  the  other  hand,  if 
he  sees  that  his  interests  are  thoroughly  protected  under  the 
terms  of  the  contract,  he  will  reduce  his  price  to  the  minimum. 
It  would  therefore  appear  that  in  the  end  it  is  to  the  interest 
of  the  government  to  give  full  protection  under  the  terms  of  the 
contract  to  the  contractor. 

Care  should  be  taken  so  far  as  practicable  to  in- 
clude no  unnecessary  or  uncertain  conditions,  either 
in  the  specification  or  in  the  terms  covering  the  per- 
formance of  the  contract. 

One  of  the  most  frequent  complaints  received  from  con- 
tractors whether  for  government  work  or  work  for  private 
individuals  is  that  specifications  are  frequently  loosely  drawn 
and  contain  uncertain  conditions.  In  bidding  on  such  specifi- 
cations the  contractor  must  cover  himself  for  any  contingency 
which  may  arise,  and  it  therefore  follows  that  each  uncertain  or 
unnecessary  condition  adds  just  that  much  to  the  price  of  the 
contract.  It  is  unfair  to  the  contractor  to  require  him  to  take 
all  the  risks,  and  therefore  the  number  of  such  risks  should  be 
reduced  to  a  minimum. 
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In  awarding  contracts  it  is  to  the  best  interests  of 
the  government  in  the  long  run  to  follow  certain  definite 
rules,  which  in  time  become  known  to  bidders,  and  the 
known  observance  of  which  will  permit  reputable 
manufacturers  to  reduce  their  prices  to  the  lowest 
practicable  figures. 

The  subject  of  permitting  modification  in  bids  after  an 
opening  is  one  which  is  open  to  a  great  deal  of  discussion. 
Many  officials  feel  that,  if  they  can  induce  bidders  to  decrease 
their  bid,  they  have  a  perfect  right  to  do  so  and  that  it  is  to 
the  best  interests  of  the  government  to  exercise  this  right.  On 
the  other  side  it  is  contended  that  such  modification  imme- 
diately results  in  bidders  submitting  a  price  higher  than  they 
actually  contemplate  asking,  with  the  expectation,  on  being 
requested  to  reduce  their  bid,  of  quoting  the  figure  which  they 
otherwise  would  have  quoted  at  the  outset. 

Under  the  work  for  the  Panama  Canal,  the  rules  relative 
to  awards  have  been  very  stringently  observed,  even  to  the 
point  sometimes  of  paying  a  considerably  higher  price  where  a 
lower  price  might  have  been  obtained,  if  a  bidder  had  been 
permitted  to  modify  his  original  proposal.  It  is  these  excep- 
tional cases  which  are  generally  seized  by  the  official  who  be- 
lieves in  permitting  modifications,  and  these  definite  losses  are 
rather  hard  to  combat,  in  view  of  the  fact  that  the  economies 
obtained  by  the  other  method  do  not  appear  in  actual  figures. 

As  in  the  case  with  rules  of  all  kinds,  no  trouble  arises  if 
they  are  strictly  followed,  difficulties  occurring  only  in  con- 
nection with  variations  from  the  rules. 

In  enforcing  the  terms  of  the  contract,  it  should 
be  realized  that  the  contractor  and  the  unsuccessful 
bidders  have  certain  rights  which  should  be  consid- 
ered, and  that  the  observance  of  such  rights  will  in 
the  end  be  beneficial  to  the  government. 

While  the  above  rule  has  reference  more  to  the  inspection 
of  material  under  a  contract  than  to  the  purchasing  of  material, 
yet  it  has  a  re-active  effect  on  future  purchases,  in  that  con- 
tractors, knowing  that  modifications  are  frequently  made,  may 
submit  bids  with  the  assumption  that,  in  carrying  out  any  con- 
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tracts  based  thereon,  they  will  be  permitted  to  make  such  modi- 
fications. 

For  this  reason  it  is  necessary  in  carrying  out  a  contract 
to  see  that  all  the  terms  thereof  are  followed  so  far  as  it  is 
possible  to  do  so,  'and  this  rule  should  be  applied  against  the 
government  as  well  as  against  the  contractor.  In  other  words 
the  government  official  has  no  more  right  to  demand  something 
from  a  contractor  which  is  not  called  for  in  the  terms  and  con- 
ditions of  his  contract,  than  he  has  to  permit  the  contractor  to 
omit  certain  requirements  of  that  agreement.  The  average 
contractor  doing  business  with  the  government  cannot  under- 
stand why  he  is  not  permitted  to  substitute  material  which, 
in  his  opinion,  is  just  as  good  as  that  which  the  order  calls 
for.  He  fails  to  consider  that,  although  the  material  may  in 
fact  be  equally  good,  yet  it  is  not  the  material  called  for,  and 
the  mere  fact  that  he  wishes  to  substitute  it  indicates  that  he 
can  do  so  at  less  expense  to  himself.  If  other  bidders  had  been 
permitted  to  submit  a  price  on  the  substitute  article,  they 
might  have  been  able  to  decrease  the  amounts  of  their  bids,  and 
the  award  might  not  have  gone  to  the  contractor  who  actually 
received  the  order.  As  indicated  before  in  this  paper,  it  must 
be  assumed  that  the  government  official,  in  preparing  his  spec- 
ifications, knows  what  is  needed. 

The  final  decision  in  case  of  any  dispute  between 
the  parties  to  a  contract  should,  where  not  otherwise 
provided  by  law,  devolve  on  some  government  official 
of  as  high  a  rank  as  is  consistent  with  the  amount  in- 
volved, and  as  the  interests  of  the  government  will 
permit. 

This  is  a  great  stumbling  block  to  all  contractors,  their  claim 
being  that,  where  the  final  decision  is  placed  in  the  hands  of  an 
employee  of  the  opposite  party  to  the  contract,  he,  the  contractor, 
cannot  receive  impartial  treatment.  Unfortunately  such  a  claim 
is  only  too  well  justified  by  experience,  but,  on  the  other  hand, 
so  far  as  the  government  is  concerned,  no  other  course  is  prac- 
ticable. The  final  arbiter  should  preferably  be  some  one  superior 
to  the  official  who  has  drawn  the  contract  and  who  is  in  direct 
charge  of  the  work.    In  the  majority  of  cases,  however,  this  course 
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cannot  be  followed  out  and  the  final  decision  in  matters  of  fact 
must  be  left  to  the  official  in  charge  of  the  work.  It  is  one  of 
those  uncertainties  which  cannot  be  avoided. 

The  questions  for  decision  referred  to  in  this  comment  are 
questions  of  fact,  as  questions  of  law  which  may  come  under  dis- 
pute may  be  settled  by  courts  or  otherwise  as  provided  by  law. 
However,  in  questions  of  fact  where  the  contract  makes  any  par- 
ticular person  the  arbiter,  the  courts  invariably  rule  that  they 
cannot  go  behind  his  decision,  unless  the  decision  is  shown  to  be 
a  gross  error  in  judgment,  or  in  case  of  fraud. 

The  government  official  designated  as  the  arbiter  in  cases 
of  this  kind  is  more  than  an  official  of  the  government.  He  is  a 
judge  and  should  be,  as  far  as  it  is  humanly  possible,  impartial 
in  his  conclusion,  whether  such  conclusion  is  against  the  interests 
of  the  government  or  not,  and  no  conclusion  should  be  given 
without  complete  investigation.  The  greater  the  responsibility  is 
in  a  case  of  this  kind,  the  more  necessary  is  it  for  the  official  to 
rest  his  judgment  on  the  most  complete  data. 
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INTKODTJCTION. 

The  data  used  in  the  preparation  of  these  papers  are  com- 
piled from  the  records  of  the  Isthmian  Canal  Commission,  the 
Panama  Canal,  the  Panama  Railroad,  and  the  Old  and  New 
French  Companies,  but  are  based  principally  on  the  records 
obtained  under  the  direction  of  the  Isthmian  Canal  Commis- 
sion since  the  American  occupation  of  the  Canal  Zone. 

It  is  not  the  intention  to  give  a  discussion  on  the  engi- 
neering problems  pertaining  to  the  construction  of  the  Panama 
Canal,  but  to  present  the  meteorology  and  hydrology  of  the 
canal  in  a  comprehensive  manner. 

The  Canal  Zone  is  a  strip  of  territory  10  miles  wide  and 
about  50  miles  long,  ceded  to  the  United  States  by  the  Republic 
of  Panama  for  the  construction,  maintenance,  and  operation 
of  an  interoceanic  canal.  Its  landed  area  is  approximately  436 
square  miles,  about  one-half  of  which  lies  in  the  northeasterly 
portion  of  the  valley  of  the  Chagres  River.  Geographically  it 
lies  between  longitude  79°  29'  30"  and  80°  00'  west,  and  lati- 
tude 8°  52'  and  9°  26'  north.  Limon  Bay  and  the  Caribbean 
Sea  lie  to  the  northward,  and  Panama  Bay  forms  its  southern 
boundary.  On  the  right  and  left  are  the  Isthmian  land  masses 
that  join  the  North  and  South  American  continents. 

The  Pacific  entrance  of  the  Panama  Canal  at  Balboa  is 
about  23  miles  east  of  the  Atlantic  entrance  near  Cristobal. 
The  dominating  feature  of  the  Canal  is  Gatun  Lake,  formed 
by  damming  the  waters  of  the  Chagres  River  at  Gatun.    This 
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lake  has  an  area  of  164  square  miles  at  elevation  +  87  feet 
above  sea-level,  and  contains  192.24  billion  cubic  feet  of  water. 

The  drainage  of  the  Canal  Zone  for  about  three-fourths  of  its 
width  is  effected  through  the  Chagres  River  and  its  tributaries, 
to  the  Caribbean  Sea,  and  for  the  remaining  one-fourth  through 
the  Rio  Grande  and  its  tributaries,  to  the  Pacific.  The  drain- 
age area  of  the  Chagres  above  Gatun  is  1320  square  miles.  Due 
to  violent  storms  over  the  headwaters  of  this  river,  it  is  sub- 
ject to  very  sudden  rises,  during  which  the  discharge,  in  a  few 
hours,  is  enormously  increased.  The  drainage  area  of  the  Rio 
Grande  and  its  tributaries  is  about  65  square  miles. 
Geology. 

The  Canal  prism  cuts  the  Cordillera  at  Culebra,  about  nine 
miles  from  the  Pacific  coast. 

On  the  Atlantic  side  of  the  "divide"  the  formation  is 
mostly  sedimentary,  while  on  the  Pacific  side  it  is  volcanic. 
The  composition  of  the  materials  underlying  Gatun  Lake  is 
such  as  to  reduce  loss  by  seepage  to  a  minimum.  The  low- 
lying  valleys  of  the  Chagres  and  Rio  Grande,  near  their  mouths, 
are  filled  with  alluvium  from  the  bottoms  of  the  rock  gorges 
to  a  little  above  sea-level.  Both  the  Atlantic  and  Pacific  coasts 
are  fringed  with  a  coral  formation  of  comparatively  recent  date, 
which  in  the  vicinity  of  the  large  rivers  extends  inland  several 
miles. 
Topography. 

Local  topography  has  an  important  bearing  on  climatic 
conditions,  especially  in  tropical  countries,  where  weather  con- 
ditions are  of  remarkable  sameness,  except  when  influenced  by 
variation  in  altitude,  the  trend  of  mountain  ranges  or  the  prox- 
imity of  large  land  or  water  areas. 

The  coastal  plain  type  of  topography  is  fairly  well  rep- 
resented along  the  Atlantic  Coast  of  the  Canal  Zone,  but  low 
hills  begin  to  appear  a  few  miles  inland,  while  in  the  central 
and  southern  sections  of  the  Canal  Zone  the  hill  type  of  topog- 
raphy prevails.  These  hills  have  conical  or  rounded  tops,  are 
clothed  with  vegetation,  and,  with  few  exceptions,  are  under 
1000  feet  in  elevation.  The  Continental  Divide  crosses  the  line 
of  the  Canal  about  nine  miles  from  the  Pacific  Coast,  and  thirty 
miles  from  the  Atlantic.    The  ridge  crest  within  the  Zone  varies 
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in  elevation  from  about  260  feet  to  something  near  1000  feet. 
It  lies  approximately  at  right  angles  to  the  direction  of  the 
prevailing  winds  that  blow  from  off  the  Atlantic,  and  the 
Atlantic  (windward)  slope  of  the  Continental  Divide  has  more 
abundant  rainfall  than  the  Pacific  slope.  Variations  in  alti- 
tude are  too  slight  to  affect  the  temperature  very  appreciably. 
As  average  temperatures  decrease  approximately  one  degree 
Fahrenheit  with  every  330  feet  increase  in  elevation,  the  maxi- 
mum temperature  depression  in  the  Canal  Zone  on  account 
of  altitude  is  only  about  three  degrees  Fahrenheit. 

The  effect  of  the  Caribbean  Sea  lying  to  the  windward  is  felt  in 
the  climate  of  the  Atlantic  Coast,  which  resembles  closely  the 
moist  equable  oceanic  type,  while  climatic  conditions  in  the 
interior  and  on  the  Pacific  slope  exhibit  many  of  the  char- 
acteristics of  the  continental  type,  as  the  prevailing  winds  over 
these  sections  blow  from  off  the  Isthmian  land  areas. 

Following  the  route  of  the  Canal  from  the  Atlantic  to  the 
Pacific  Coast  the  physical  conditions  may  be  described  briefly 
as  follows: 

From  near  the  mouth  of  the  Mindi  River,  where  the  Canal 
enters  the  mainland,  its  course  is  through  the  large  fresh-water 
swamps  of  the  Mindi  until  it  reaches  Gatun,  a  distance  of  about 
three  miles.  This  plain  is  enclosed  by  hills  rising  from  50  to 
200  feet  above  sea  level. 

From  Gatun  to  Bohio,  a  distance  of  about  nine  miles,  it  fol- 
lows the  valley  of  the  Chagres  through  the  swamps  of  Calle 
Bruja,  the  lower  Gatun  River,  Ahorea  Lagarto  and  the  low- 
lands at  the  entrance  of  the  Trinidad  Valley  and  the  extensive 
swamps  of  Pefia  Blanca.  The  surface  of  the  ground  is  elevated 
only  a  few  feet  above  sea  level. 

At  Bohio  there  is  a  sudden  contraction  of  the  valley  of 
the  Chagres,  caused  by  the  Monte  Lirio-Bohio  ridge  line.  After 
passing  Bohio  the  country  opens  out  again  into  a  well  defined 
valley.  A  second  contraction  of  the  valley  is  met  with  at  San 
Pablo,  in  passing  through  which  the  waters  of  the  Chagres 
form  a  narrow  arm  of  the  lake  reaching  to  Gamboa,  and 
thence  up  the  valley  to  the  Gatuncillo,  which  joins  the  Chagres 
about  one  and  one-half  miles  below  Alhajuela,  and  is  the  ordi- 
nary limit  of  back-water  from  the  Gatun  Lake.     The  topog- 
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raphy  rises  gradually  from  Bohio  until  the  foothills  of  the  Con- 
tinental Divide  are  encountered  at  Gamboa. 

Passing  through  the  foothills  of  Gamboa  a  series  of  crests 
is  encountered  leading  on  to  the  summit  of  the  Continental 
Divide  at  Culebra.  The  distance  through  the  divide,  or  Culebra 
Cut,  from  Gamboa  to  Pedro  Miguel,  is  about  8  miles. 

Prom  Pedro  Miguel  to  Balboa  the  route  follows  the  valley 
of  the  Rio  Grande  for  a  distance  of  about  8  miles.  The  slope 
of  the  Rio  Grande  for  half  its  distance  to  the  bay  is  much  more 
rapid  than  that  of  the  Chagres  Valley,  but  the  physical  char- 
acteristics are  the  same.  From  the  junction  of  the  Pedro 
Miguel  River  the  Rio  Grande  is  a  tidal  estuary  filled  and 
emptied  twice  each  day  by  the  tides. 

METEOROLOGY. 

Stations  and  Equipment. 

Three  first-class  meteorological  stations  have  been  main- 
tained since  1907 — Ancon,  Culebra  and  Colon*-  Each  is  sup- 
plied with  a  full  complement  of  instruments  of  types  similar 
to  those  used  by  the  United  States  Weather  Bureau.  The 
regular  equipment  at  the  first-class  stations  consists  of  mer- 
curial barometers  for  measuring  the  atmospheric  pressure,  an 
anemometer  and  anemoscope  for  measuring  wind  velocity  and 
direction,  a  whirling  apparatus  for  obtaining  the  relative  hu- 
midity and  the  dew  point,  maximum,  minimum  and  standard 
thermometers,  a  tipping-bucket  rain  gage,  and  a  sunshine  re- 
corder, and  the  following  automatic  instruments :  A  meteoro- 
graph for  recording  the  rainfall,  sunshine,  wind  velocity  and 
wind  direction ;  a  thermograph  for  recording  air  temperatures ; 
a  hygrograph  for  registering  the  relative  humidity;  and  a 
barograph  for  recording  the  atmospheric  pressure.  In  addition 
to  the  above,  Ancon  and  Colon  are  supplied  with  evaporation 
pans  for  measuring  the  loss  of  water  by  evaporation. 

Records  of  the  wind  direction  and  velocity  are  obtained 
at  Gatun  and  Pedro  Miguel  lock  sites  and  at  Gamboa,  and  tem- 
perature records  are  kept  at  Gatun  and  Alhajuela. 

*  The  meteorological  station  at  Culebra  was  discontinued  on  Septem- 
ber 12,  1914,  and  the  Ancon  station  was  moved  to  Balboa  Heights  on 
October  1,  1914. 
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About  25  rainfall  stations  are  maintained.  Approximately- 
half  of  these  are  equipped  with  automatic  tipping-bueket  rain 
gages  and  the  remainder  with  standard  gages.  With  the  ad- 
vance or  completion  of  various  items  of  Canal  construction 
work,  it  became  necessary  to  discontinue  certain  rainfall  sta- 
tions, especially  those  located  within  the  present  area  of  Gatun 
Lake,  but  new  stations  were  established  on  the  upper  arms  of 
the  lake  or  on  tributary  streams.  The  result  has  been  that  the 
total  number  of  stations  in  operation  has  not  varied  greatly 
from  year  to  year. 
Climate. 

As  previously  noted,  the  Canal  Zone  lies  wholly  within  the 
Torrid  Zone  and  very  close  to  the  thermal  equator.  Its  cli- 
mate may  be  characterized  as  warm,  humid  and  equable.  The 
year  is  divided  into  a  dry  season  of  four  months  duration, 
and  a  rainy  season  extending  over  the  remaining  eight  months 
of  the  year. 

Average  temperatures  are  remarkably  uniform  from 
month  to  month.  The  diurnal  range  in  temperature  is  small, 
and  sudden  changes  seldom  occur.  The  climate  along  the  At- 
lantic Coast  is  of  the  oceanic  or  marine  type,  characterized  by 
small  range  in  temperature,  relatively  high  wind  movement, 
high  humidity  and  excessive  rainfall ;  while  climatic  conditions 
over  the  interior  and  along  the  Pacific  Coast  resemble  more 
closely  the  continental  type.  This  difference  is  due  primarily 
to  the  prevailing  northerly  direction  of  the  wind  throughout 
the  greater  part  of  the  year. 

The  filling  of  Gatun  Lake  to  operating  level,  completed  in 
January,  1914,  wrought  important  changes  in  the  lower  sec- 
tion of  the  Chagres  River  basin.  The  interesting  question 
arises  as  what  effect  the  creation  of  this  artificial  inland  sea 
covering  an  area  of  165  square  miles  will  have  upon  the  cli- 
mate of  the  Isthmus. 

Sufficient  records  are  not  yet  available  upon  which  to  base 
any  definite  conclusions,  but  it  is  certain  that  no  marked  cli- 
matic changes  will  take  place,  altho  slight  increases  in  hu- 
midity, cloudiness  and  rainfall  may  be  expected  on  the  lee- 
ward (southern)  side  of  the  lake.  There  should  be  a  slight 
increase  in  wind  velocities   over   the   lake   surface   and   con- 
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tiguous  land  areas,  and  slightly  more  uniform  temperatures  will 

prevail  over  the  lake  surface. 

Practically  no  climatic  changes  will  be  felt  on  the  wind- 
ward (northern)  side  of  the  lake. 

In  the  following  pages  climatic  conditions  on  the  Isthmus 

will  be  treated  more  in  detail  under  appropriate  headings. 

Precipitation. 

Quoting  in  part  from  Mr.  C.  M.  Saville  in  a  paper  on  the 

"Hydrology  of  the  Panama  Canal"  read  before  the  American 

Society  of  Civil  Engineers: 

"The  cause  of  rainfall  is  to  be  found  in  the  operation 
of  certain  general  principles  of  physics,  influenced  more 
or  less  by  local  conditions.  Eainf  all  is  due  to  the  precipi- 
tation of  water  vapor  in  the  atmosphere  which  has  been 
derived  primarily  from  the  ocean  by  the  process  of  evap- 
oration. Whenever  from  any  cause  the  moisture-laden  air 
is  sufficiently  cooled,  condensation  and  consequent  pre- 
cipitation take  place.  Three  processes  are  primarily  con- 
cerned in  the  production  of  rain,  acting  either  singly  or 
in  combination.    These  factors  are: 

1.  Convective  currents 

2.  Hills  and  mountains,  which  cause  deflection  of 

atmospheric  currents 

3.  Cyclonic  circulation. 

"As  the  Isthmus  of  Panama  is  in  that  section  of  the 
globe  where  the  influence  of  convection  is  very  great  and 
where  cyclonic  disturbances  are  almost  unknown,  it  fol- 
lows that  the  greater  part  of  the  Isthmian  rainfall  must 
be  attributed  to  the  first  two  processes  enumerated  above". 
The  season  of  the  year  from  January  to  April  inclusive  is 
commonly  recognized  as  the  dry  season  on  the  Isthmus,  and 
the  remaining  months  of  the  year  constitute  the  rainy  season. 
The  lines  of  demarcation  between  the  dry  and  rainy  seasons  are 
neither  constant  nor  always  clearly  marked.    Occasionally  the 
dry  season  begins  as  early  as  the  first  of  December,  while  in 
other  years  rainy  weather  may  continue  until  the  first  of  Janu- 
ary, or  even  later.    There  was  no  dry  season  worthy  of  note 
in  the  year  1909,  as  heavy  rains  fell  during  each  of  the  dry 
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season  months.  The  rains  frequently  continue,  along  the  At- 
lantic coast  and  toward  the  headwaters  of  the  Chagres  River, 
for  some  time  after  dry  season  weather  has  set  in  over  the 
remainder  of  the  Isthmus.  These  late  rains  on  the  upper  water- 
shed account  for  the  occasional  December  or  January  freshets 
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in  the  Chagres.  River,  at  times  when  there  has  been  little  or  no 
rain  in  the  immediate  vicinity  of  the  Canal  Zone. 
Distribution. 

Rainfall  is  heaviest  along  the  Atlantic  Coast  and  in  cer- 
tain sections  of  the  upper  Chagres  River  basin,  diminishing 
gradually  as  the  Pacific  Coast  is  approached.  Our  rain-bearing 
winds  usually  blow  from  off  the  Atlantic  in  a  southerly  direc- 
tion and  most  of  their  moisture  is  dropped  on  the  Atlantic 


Chart  Showing  Comparative /Iveragl  Monthly 
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Fig.  2. 

slope  before  reaching  the  Continental  Divide.  The  annual  rain- 
fall ranges  from  approximately  130  inches  at  Colon,  and  170 
inches  at  Porto  Bello,  situated  on  the  Atlantic  Coast  about  20 
miles  east  of  the  Canal  entrance,  to  70  inches  at  Ancon  and 
Balboa,  on  the  Pacific  side.  Figure  1  shows  the  annual  dis- 
tribution of  rainfall  across  the  Isthmus,  and  illustrates  graphic- 
ally the  steady  decrease  in  annual  rainfall  along  the  line  of  the 
Canal,  from  the  Atlantic  Coast  to  the  Pacific. 
Monthly  Distribution. 

An  examination  of  Fig.  2,  which  gives  the  average  monthly 
distribution  of  rainfall  at  selected  stations,  shows  two  periods 
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of  maximum  rainfall,  the  first  in  May  and  the  second  in  Novem- 
ber, although  November  usually  is  the  month  of  heaviest  pre- 
cipitation, and  March  almost  invariably  is  the  month  of  lightest 
rainfall. 

Tables  1,  2  and  3  give  the  average  monthly  rainfall  in  the 
Pacific,  Central  and  Atlantic  sections,  for  the  10-year  period 
from  1905  to  1914  inclusive,  while  Tables  4-A  and  4-B  give  the 

TABLE  1. 

THE  PANAMA  CAHAL 
AVERAGE  MOHTHLr  HAIiTEALl  -  PACIFIC  SECTIOH 
1905  -  1914 
Values  in  Inches. 

~     m  W      (a)  -  U)   T2T   TIT   I¥T  IT)   IT)   ITT 

Mbnth  1905   1906  1907   1908   1909   1910  1911  1912  1913  1914 

Jan.   1.90   .53   .21   .27  2.82  1.85   .31   .01  1.45   .71 

Feb.    0    .55   .06   .20  2.68   .88  2.14   .23   .68   .07 

Mar.    .22   .17   .02   .07   .27  1.92   .07   .01   .15    1 

(3) 
Apr.   3.57   6.36    .06   1.32   2.68  4.60  5.74  3.52    .61  3.25 

May  10.66   8.28   5.96  11.32  8.67  10.67  11. 3«  3.39  10.89  10.01 

(3) 
June   9.69   8.56  13.26   7.01  11.36  11.83  4.18   7.10  8.37   8.29 

July   7.08  10.28   5.96  8.64  10.30  10.86   6.62   9.81  5.40  5.42 

(2) 
Aug.   8.43  8.86   9.17   9.73   7.87  10.73   7.27   9.43  6.46   7.12 

(3) 
Sept.    9.24     4.61  11.04     8.68      8.25      7.49      7.59   11.74      9.33     8.09 

tot.    10.20      4.91   11.51     8.32   14.70  12.08  11.73   13.80  9.61  7.30 

Nov.      6.64  14.53      9.39      7.64  19.62  7.94  8.69      7.97  9.58  10.72 

Deo.'    4.53      6.31      3.51      6.14  12.18  9.93  1.57      4.53  3.33  7. OS 

Year  72.16  74.10 '70.15  69.34101.40  90.84  67.21, 76.59  65.96  68.03 


Averages  based  on  records  from  all  Nations  in 
operation.  Stations  given  equal  weights. 

Figures  in  parentheses  at  head  of  columns  in- 
dicate number  of  stations  in  operation. 
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estimated  average  rainfall  over  the  Gatun  Lake  basin  and  the 
Chagres  River  basin  above  Alhajuela.    Table  5  gives  the  aver- 
age monthly  rainfall  at  practically  all  the  rainfall  stations. 
Hourly  Distribution. 

A  large  percentage  of  the  Isthmian  rainfall  comes  in  the 
form  of  afternoon  tropical  showers.  The  period  from  2:00 
P.  M.  to  3 :00  P.  M.  is  the  hour  of  heaviest  rainfall  as  a  general 
rule.    The  curves  of  average  hourly  rainfall  show  two  periods 

TABLE  2. 

THE  PAHAMA  0AMA.L 
AVERAGE  MONTHLY  RfclNIALL  -  CENTRAL  SECTION 
1905  -  1914 
Y»lues  in  Inches. 

Tz)    rsi    m   ran   ran   ran   ran   ran   ran   nor 

Month  1905  1906  1907  1903  1909  1910  1911  1912  1913  1914 

Jan.  4.27  1.01  .37  1.24  4.33  2.30  .28  '  .44  2.21  .58 

Feb.  .37  .76  .37  .38  3.49  3.21  1.55  1.10  1.12  .62 

Mar.  .81  .62  .44  .39  1.28  4.28  .59   .09  .31  .25 

Apr.  1.72  7.21  .27  2.63  4.92  5.59  4.43  1.51  1.77  1.83 

May  15    .66     8.55      6.38   16.06   11.14  10.92   14.71      9.45   14.79   11.14 

(4)  (8) 

June      6.60     9.41  12.46   10.67   12.27   11.98      7.42  11.65   10.03  12.48 

(9)      (10) 
July     6.13  17.53     9.71  10.16   11.19   16.43      6.59   11.11  6.58        5.43 

(6) 
Aug.   13.00  13.95   11.36   12.97     8.76   12.13      8.41  12.45   11.69   10.49 

(11)  (10) 

Sept.   8.05     8.76   12.87   11.33     9.94  15.25      6.56   12.16      9.75   18.45 

(5) 
Oot.    13.05      8.12  16.50  11.85   17.33  15.06   14.25   14.81      9.37   15.66 

IlOV.      8.26   17.94     9.40  11.33  30.40-15.62  13;24  11.03  14.55      9.35 

(11) 
Deo.      6.10  10.94      2.87      5.11  14.86   16.45      1.05      3.88      2.76      4.85 

Year  84.02304.80  83.00  94.62129.91  329.20   79.08   89.68   84.93  86. IS 


Averages  based  on  records  from  all  stations  in 
operation.     Stations  given  equal  weights. 

Figures  in  parentheses  at  head  of  oolumn  in- 
dicate number  of  stations  in  operation. 
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of  minimum  fall,  one  around  9  A.  M.  or  10  A.  M.,  and  the  other 
between  10  and  11  P.  M. 

Nearly  half  of  the  total  annual  rainfall  occurs  at  night 
along  the  Atlantic  Coast,  while  at  stations  in  the  interior  and 
on  the  Pacific  Coast  only  about  25  per  cent  of  the  annual  total 
falls  at  night. 

TABLE  3. 


THE  PAKAliA  CANAL 

AVEEASE  MONTHLY  RAINFALL  - 

ATLANTIC  SECTION 

1905 

-  1914 

Values  in  Inches 

Honth 

(2) 
1905 

(2) 

1906 

(3) 

'1907 

(3) 

1908 

(4) 

1909 

(5) 

1910 

(5) 
1911 

(4) 
1912. 

(4) 
1913 

(4) 
1914 

Jan. 

8.52 

1.94 

2.61 

3.77 

11.94 

7.08 

1.11 

.62 

5.72 

1.56 

Feb. 
liar. 

1.56 

.45 

1.24 

1.90 

1.63 
2.52 

1.18 
3.12 

4.25 
2.62 

4.10 

(4) 

7.64 

3.24 
1.59 

2.02 
.58 

2.72 
.92 

1.38 
1.02 

Apr. 

Bay 

2.02 
25.88 

6.23 
11.04 

1.18 
7.57 

1.36 

(4) 

20.73 

6.60 
8.35 

5.25 
12.08 

5.16 

18.44 

1.58 

13.49 

3.91 
22.24 

4.34 
14.52 

June 
July 

9.28 
11.08 

13.57 

(3) 
17.56 

15. $9 
14.31 

13.92 
14.16 

17.54 
15.96 

13.04 

(5) 
20.40 

15.42 
11.77 

17.34 
16.51 

10.92 
14.30 

14.96 
8.30 

Aag. 
Sopt. 

19.5S 
8.56 

17.82 

14.04 

17.59 
10.92 

17.07 
10.18 

12.40 
11.71 

14.54 
11.41 

13.19 
11.22 

12.60 
11.05 

18.10 
10.79 

16.79 

(3) 
13.01 

Oct. 
Hot. 

17.08 
17.40 

15.82 

24.94 

19.89 
14.51 

10.60 
30.48 

14.60 
38.48 

11.81 
24.69 

14.38 

(4) 
18.71 

16.79 
22.17 

17.62 
21.86 

19.53 
16.84 

£eo. 

10.70 

16.83 

6.82 

13.06 

39.34 

19.80 

2.22 

10.61 

9.40 

6.22 

Year 

132.09 

142.93  115.24 

139.63 

163.99 

151.84 

116.45 

125.36 

138.60  117.47 

Averages  baaed  on  records  from  all  stations  in  operation, 
except  Bocas  del  Toro,  the  location  of  which,  is  too   remote  from  the  Canal 
Zone  to  indicate  conditions  near  tho  Canal  entrance.       Stations  given  equal 
weights.      Figures  in  parentheses  indicate  rauuber  of  stations  in  operation. 
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The  following  table  shows  the  percentage  of  daytime  rain 
fall  (6  A.  M.  to  6  P.  M.)  at  three  selected  stations: 

Per  Cent 

Daytime 

Station  Rainfall 

Balboa— Pacific  Coast  71% 

Culebra — Continental  Divide  - 81% 

Colon— Atlantic  Coast  54% 

Based  on  six  years'  records — 1908  to  1913. 

Curves  of  average  hourly  rainfall  are  shown  on  Fig.  3. 
Rainy  Days. 

The  average  number  of  days  during  the  year  with  a  meas- 
urable quantity  of  rainfall  (0.01  inch  or  more)  is  about  260  on 
the  Atlantic  Coast,  210  at  Culebra  on  the  Continental  Divide, 
and  180  on  the  Pacific  Coast.  November  is  usually  the  month 
of  greatest  rainfall  frequency,  and  March  the  month  of  fewest 
rainy  days. 
Excessive  Precipitation. 

There  are  occasional  exceptions,  but  the  greater  part  of  the 
rainfall  on  the  Isthmus  comes  in  the  form  of  heavy  tropical 
downpour  of  short  duration  and  relatively  limited  extent. 
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Late  in  the  rainy  season,  or  in  November  and  December, 
rainstorms  of  a  more  general  character  and  of  longer  duration 
are  experienced.  These  may  continue  for  24  hours  or  longer 
and  may  extend  over  the  entire  Canal  Zone  and  adjacent  ter- 
ritory. The  heaviest  general  rainstorm  of  record  on  the  Isth- 
mus occurred  on  December  2nd  and  3rd,  1906.  Rain  began 
falling  on  the  afternoon  of  December  2nd  and  continued  stead- 
ily, though  not  at  a  remarkably  excessive  rate,  for  nearly  24 
hours.  The  following  table  shows  the  amounts  recorded  at 
the  various  stations  during  this  rain  storm,  which  produced 
one  of  the  largest  freshets  in  the  history  of  the  Chagres  River : 


Station  Inches 

Balboa    2.41 

Ancon  3.18 

Bio   Grande  5.58 

Culebra  5.55 

Camacho  5.53 

Empire    6.15 


Station  Inches 

Gamboa 6.29 

Alhajuela  8.19 

Bohio  , 6.13 

Gatun   10.48 

Brazos  Brook  8.96 

Cristobal 8.47 


The  extremely  local  character  of  many  of  the  rains  that 
occur  on  the  Isthmus  has  been  mentioned.  An  examination  of 
the  records  shows  some  remarkable  differences  in  the  quantity 
of  rain  falling  within  narrow  territorial  limits.  The  following 
table  gives  a  comparison  of  the  rainfall  at  adjacent  stations  for 
selected  showers: 


.2 

a 

o 

.2  M 

03    w 

o    o 
C  ■S 

(3     03 

.a  & 

Oj 

CO 

« 

w 

« 

0 

0 

Monte  Lirio 

6.76 

Brazos  Brook 

.97 

6 

February  8,   1910 

Gamboa 

3.21 

Empire 

.52 

4 

July  3,  1910 

Gatuu  Evap.    Sta. 

4.05 

Gatun 

.89 

1 

May  23,   1911 

Gorgona 

5.45 

San  Pablo 

1.27 

3.5 

May  13,   1911 

Miraflores 

4.04 

Pedro  Miguel 

.35 

2 

December  30,    1912 

Empire 

3.36 

Culebra 

.59 

1 

June  7,   1913 

Brazos  Brook 

3.75 

Colon 

.31 

3 

December  1,    1913 

Culebra 

1.62 

Rio  Grande 

.15 

1 

October  1,  1914 

The  following  table  shows  the  maximum  precipitation  of 
record  on  the  Isthmus  for  various  periods,  while  the  maximum 
records  for  individual  stations  are  presented  in  Table  6:    . 
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Period  Eainfall,  Inches       Station  Date 

5  min.  2.48  Porto  Bello  November  29,  1911 

1  hour  5.86  Balboa  June  2,  1906 

24  hours  10.86  Porto  Bello  December  28-29,  1909 

Month  58.17  Porto  Bello  December,  1909 

Year  237.28  Porto  Bello  1909 

In  this  connection  a  comparison  of  the  Isthmian  maximum 
rainfall  records  with  the  records  from  other  regions  of  exces- 
sive rainfall  may  be  of  interest.  As  shown  above,  the  maxi- 
mum 24-hour  rainfall  of  record  on  the  Isthmus  is  about  11 

TABLE  6. 

THE  PAHAHA  CANAL 

MAXIMUM  RAIHFALL  IK  CANAL  Z0HS 

October  1,  1905  to  Deoamber  21,  1914. 


Taluea  In  Inchea 


PlTe  Minutes 
Station*  Inches         Data 

Anoon 

(Oat.   1,  1906)  .64    Aug.  7,  1908 

Ballot 

(Jane  10,  1906)        .90     May  12,  1912 

Pedro  Miguel 

(Jan.  1,  1908)         .60    Mot.   11,  1908 

Bio  Grande 

(Deo.  29,  1905)       .75    July  24,  1908 

Culeora 

(Jul;  1,  1906)         .64    May  2,  1908 

Empire 

(July  18,  1906)       .60    July  25,  1906 


Ona  Hoar 
Inanee         Data 


(NOT.   18,  1905)       .59    July  27,  1908 

Alhajuola 

(liar.  31,  1907)   .60  July  20,  1909 

Bohlo   (4) 

Oot.  1,  1905)  .67    June  16,  1909 

Qatun 

(Aug.  24,  1907)       .62    lug.  3,  1912 

Colon 

(Oot.  1,  1906)         .64    Aug.  25,  1909 

Porto  Bello 

lliy  1,  1908)    (3)2.46     Hot.  29,  1911 


3.98  Oot.  9,  1911 

5.86  June  2,  1906 

3.30  Aug.  27,  1908 

3.10  Sep.  21,  1912 

3.69  Oot.  16,  1907 

3.63  Oct.  1,  1909 

3.32  Hay  11,  .1911 

3.40  Sao.  26,  1909 

4.51  Aug.  7,  1908 

3.82  May  26,  1910 

4.90  Oct.  6,  1909 


24  Hours  (1) 
Inchea  Date 

7.23  May  12-13,1912 

7.57  .  Bor.  16-17,1906 

4.56  Sep.  30-Oot. 1,190* 

6.00  Deo.  2-3,1906 

5.65  Dec.  3,1906(2) 

6.15  Deo.  3,1906(2) 

6.56  Deo.  2-3,1906 

8.19  Deo.  3,1906(2) 

8.85  Aug.  7-8,1908 

10.48  Deo.  3,1906(2) 

8.53  Deo.  2-3,1906 


4.53    Hot.  29,  1911  10.86     Deo. 28-29, 1909 


Dates  In  parentheses  opposite  station  names  refer  to  installation  of  aatomatlo 
registers. 

(1)  For  any  24  oonsecutiTs  hours. 

(2)  Ho  aatomatlo  record  on  this  date.    Total  for  24  hours  ending  at  noon. 

(3)  Approxlmatei     Automatio  record  lndlstlnot,  due  to  unusually  exoeaeiTe  rata 

of  fall. 

(4)  Station  olosed  January  1912. 
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inches.  This  record  has  been  exceeded  in  certain  localities  in 
the  southern  section  of  the  United  States,  although  the  annual 
average  at  stations  on  the  Atlantic  Coast  of  the  Isthmus  is 
higher  than  the  annual  rainfall  anywhere  in  the  United  States. 
A  number  of  the  heaviest  rainstorms  of  record  in  either  hemis- 
phere are  listed  below : 

Amount 
Station  Date  Rainfall    Duration 

Inches         Hours 

Porto  Bello Dec.  28-29,  1909  10.9  24 

St.  George,  Georgia Aug.  28-29,  1911  18.0  17 

Alexandria,  Louisiana June  15-16,  1886  21.4  24 

Fort  Clark,  Texas June  14-15,  1889  21.3  22 

Mata  Gordo,  Texas Apr.  30— May  1, 1911      15.71  24 

Cherrapunji,  Assam June  14,  1876  40.8  24 

Baguio,  Philippine  Islands July  14-15,  1911  46.0  24 

It  is  probable  that  quantities  of  rain  greater  than  any  listed 
above  have  fallen  over  very  limited  areas  in  the  southwestern 
section  of  the  United  States  from  water  spouts,  but  no  records 
are  available  of  actual  measurements  of  the  precipitation  from 
storms  of  this  character. 

The  average  rainfall  over  a  small  area  in  the  Hill  district 
of  Assam,  British  India,  is  about  475  inches  per  year,  the  heav- 
iest of  any  known  region  in  the  world.  More  than  400  inches 
of  this  annual  total  falls  during  the  five  months  of  the  sum- 
mer monsoon. 

The  record  of  46  inches  of  rain  falling  at  Baguio,  P.  I.,  in 
24  hours  during  the  passage  of  a  severe  typhoon  is,  so  far  as 
known,  a  world 's  record  for  a  period  of  24  consecutive  hours. 
Air  Temperature. 

Average  air  temperatures  on  the  Isthmus  change  very  little 
from  month  to  month.  The  highest  average  temperature  usual- 
ly occurs  toward  the  end  of  the  dry  season,  and  the  lowest, 
near  the  end  of  the  rainy  season.  April  is  the  month  of  highest 
average  temperature,  and  November  the  month  of  lowest  tem- 
perature. Average  annual  temperature  curves  for  the  three 
stations  are  shown  on  Fig.  4,  while  the  monthly  means  are 
given  in  Table  16.  Much  other  meteorological  data  for  the  three 
stations  are  given  in  Tables  13,  14  and  15. 
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The  diurnal  range  in  temperature  is  generally  greater  dur- 
ing the  dry  season  than  during  the  rainy  season,  and  is  much 
greater  on  the  Pacific  Coast  and  in  the  interior  than  along  the 
Atlantic  Coast. 

The  average  daily  range  in  temperature  at  the  various  sta- 
tions is  shown  in  the  following  table : 

Daily  Eange — Deg.  F.  Years  of 

Station                          Dry  Season        Eainy  Season  Eecord 

Ancon    19.1                     14.5  8 

Culebra    17.2                     13.8  7 

Colon   6.8                       8.9  6 

It  will  be  noted  that  the  maximum  diurnal  range  in  tem- 
perature at  Colon  occurs  in  the  rainy  season,  instead  of  in  the 


Fig.  4. 

dry  season,  as  at  the  other  stations.  The  explanation  of  this 
condition  is  found  in  the  seasonal  variations  in  the  prevailing 
direction  of  the  winds  on  the  Atlantic  side.  Air  temperatures 
are  much  more  uniform  over  water  areas  than  over  similarly 
located  land  areas.  As  the  winds  at  Colon  blow  steadily  from 
off  the  Caribbean  Sea  in  the  dry  season,  the  daily  range  in 
temperature  is  very  small,  while  in  the  rainy  season  a  large 
percentage  of  the  winds  blow  from  off  the  land  area  to  the 
southward,  and  a  materially  wider  daily  range  in  temperature 
is  experienced. 

Hourly  Variations.  Figs.  5  and  6  show  the  average  bi- 
hourly  variations  in  temperature  throughout  the  day,  for  both 
the  dry  and  the  rainy  seasons.    An  inspection  of  these  curves 
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will  show  that:  (1)  During  the  dry  season,  the  daily  maximum 
temperatures  occur  earlier  on  the  Atlantic  Coast  than  at  in- 
terior and  Pacific  Coast  stations;  (2)  in  the  rainy  season  the 
daily  maximum  occurs  at  about  the  same  time  on  both  coasts ; 
(3)  maximum  temperatures  occur  earlier  in  the  day  during  the 

TABLE  16. 


THE  PANAMA  CANAL 
MONTHLY  MEAN  AIR  TEMPSRATUEE-Deg.    Fall. 

Usan  of  daily  a  ajt  &  Kin. 


ANCOH,  C.  Z.  -  Elevation  of  Station  90-ft. 


Year 

1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 


1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 


Pot.  Not.  Dec.  Annual 


COLEBBA,  C.  Z.  -  Elevation  of  .Station  385-ft. 


76.8 
77.S 
76.8 
76.8 
77.8 
79.0 
78.7 
78.7 


76.2 
77.4 
77. S 
77. S 
78.0 
79.2 
78.0 
79.6 


77.8 
78.0 
78.4 
77.4 
78.0 
80.4 
79.8 
80.2 


77.3 
80.3 
78.9 
79.4 
60.2 
81.4 
80.1 
82.3 


79.4 
78.8 
79.1 
78.6 
79.2 
81.2 
79.7 
81.4 


77.8  78.0 
78.6  78.0 
78.4  -78.7 

78.9  77.4 


79.4 
80.2 
80.1 
80.0 


80.8 
79.8 
80.1 
81.3 


78.6 
78.6 
76.4 
78.6 
79.8 
79.5 
79.2 
80.4 


78.6 
78.4 
78.6 
78.6 
79.9 
78.7 
79.1 


77.6 
77.4 
78.5 
78.0 
78.9 
78.6 
78.9 


78.0 
77.4 
76.4 
77.9 
78.6 
78.0 
78.2 


78.0 
77.4 
76.5 
77.4 
79.5 
78.8 
78.5 


Station  dlseontlnaed. 


COLON  -  Elevation  of  Station  8-ft. 


1908  79.5     79.6     79.7     80.1     78.8     79.0     78.3     78.8     79.3     78.7     77.2     77.8 

1909  77.4     76.9     79.3     80.1     79.8     78.7     78.4     78.7     79.1     79.0     76.5     76.6 


77.8 
78.1 
78.0 
78.1 
79.2 
79.6 
79.2 


78.6 


1910 

77.6 

77.8 

77.5 

79.4 

79.0 

79.3 

77.6 

78.4 

78.6 

76.6 

77.8 

77.4 

78.2 

1911 

78.3 

•78.0 

78.3 

79.6 

79.5 

79.3 

81.1 

79.8 

80.4 

79.4 

79.5 

82.2 

79.6 

1912 

82.2 

80.8 

82.4 

82.8 

82.0 

80.2 

80.6 

80.2 

79.4 

79.0 

78.6 

80.4 

80.7 

1913 

80.8 

80.0 

81.4 

80.8 

79.4 

80.2 

"80.6 

79.8 

80.2 

79.5 

79.2 

79.7 

80.1 

1914 

60.7 

80.9 

81.3 

61.4 

81.7 

80.5 

82.0 

81.0 

79.4 

79.8 

79.9 

81.5 

80.8 

Temperature  records  obtained  from  thermometers  exposed  in  standard 
Instrument  shelters  from  5-ft  to  six  feet  above  grass  covered  ground. 

rainy  season  than  in  the  dry  season;  (4)  the  daily  minimum 
temperatures  occur  around  6  A.  M.  at  all  stations  during  both 
seasons  of  the  year. 

There  is  no  uniformity  in  the  time  of  occurrence  of  the 
daily  maxima,  as  individual  records  vary  greatly.  The  strong- 
est factor  in  determining  the  time  of  daily  maximum  tempera- 
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ture  seems  to  be  the  degree  of  local  cloudiness  during  the  mid- 
day hours,  and  the  direction  of  prevailing  winds  with  reference 
to  the  surrounding  land  and  sea  areas. 

General  H.  L.  Abbot,  U.  S.  A.,  retired,  discussing  the  tem- 
perature and  atmospheric  pressure  records  obtained  by  the 
New  French  Canal  Company  at  Alhajuela  and  La  Boca  during 
the  years  1899  to  1904,  says : 

"These  records  show  in  the  most  striking  manner  the 
extraordinary  uniformity  of  the  climate.  The  absolute 
extreme  range  of  temperature  recorded  hourly  during  the 
entire  period  was  at  Alhajuela  from  97.4  degrees  P.  to 


63.2  degrees  F.,  and  at  La  Boca  from  95.2  degrees  F.  to 
68.2  degrees  F.,  both  including  a  normal  horary  variation 
of  about  13  degrees  at  the  former  and  9  degrees  at  the 
latter.  The  barometric  extreme  oscillation  during  the 
same  period  ranged  from  30.04  inches  to  29.60  inches,  in- 
cluding the  normal  horary  variation  of  about  one-tenth  of 
an  inch.  All  of  these  extremes  occur  in  the  dry  season, 
including  February,  March  and  April." 

The  following  table  exhibits  the  temperature  extremes  of 
record,  and  the  annual  means,  at  the  various  stations : 
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.3 
33 

"  s 

a  £ 
s  « 

1° 

o 

0 

3 

■5  P 

s 

0 

B 

La    Boca* 

79.6 

95 

April,     1901 

68 

March,    1900 

5 

79.1 

97 

April,     1903 

63 

March,    1903 

5 

Ancon     

80.2 

97 

April   7,   1912 

63 

Jan.    27,   1910 

9 

Culebra    

78.6 

96 

May    5,   1912 

59 

Feb.      9,    1907 

7 

Colon      

79.3 

92 

June    3,   1909 

66 

Dec.      3,   1909 

7 

It  will  be  noted  that  both  the  absolute  maximum  and  mini- 
mum temperatures  for  the  year  usually  occur  in  the  dry  season. 
The  comparatively  clear  sky  at  this  season  permits  the  earth's 
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Fig.  6. 

surface  to  receive   the  maximum   amount   of  solar  radiation 
during  the  daytime,  and  to  lose  the  maximum  amount  of  heat 
at  night,  by  outward  radiation. 
Winds. 

As  neither  the  Panama  Railroad  Company  nor  the  French 
Canal  kept  automatic  records  of  wind  movement  or  direction, 
the  American  records  obtained  since  1905  constitute  practically 
the  only  Isthmian  wind  records  available.  The  following  dis- 
cussion is  based  wholly  upon  the  American  records. 

The  winds  along  the  Atlantic  Coast  exhibit  marked  varia- 
tions between  the  dry  and  rainy  seasons.  During  the  dry  sea- 
son months  fresh  northerly  trade  winds  prevail,  the  wind  blow- 
ing from  the  north  and  northeast  90%   of  the  time,  with  an 

*  From  French  records  covering  the  period  from  1900  to  1904. 
t  From  French  records  covering  the  period  from  1899  to  1903. 
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average  velocity  of  about  15  miles  per  hour,  while  during  the 
rainy  season  light  variable  winds  prevail,  southeast  predomi- 
nating. The  average  velocity  during  this  season  of  the  year  is 
8  miles  per  hour,  slightly  more  than  one-half  of  the  dry  season 
velocity. 

The  prevailing  direction  of  the  winds,  over  the  interior  and 
on  the  Pacific  Coast,  is  from  the  northwest  throughout  the  en- 
tire year,  altho  the  average  velocity  and  the  percentage  of 
northwest  winds  are  materially  higher  in  the  dry  season  than 
during  the  rainy  season  months. 
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Tig.  7. 

Monthly  and  Hourly  Variations.  The  average  monthly 
wind  movement  at  the  various  stations  is  shown  in  Fig.  7. 
March  is  the  month  of  highest  average  wind  movement  at  all 
stations,  and  June  and  October  the  months  of  least  wind  move- 
ment. 

Figure  8  shows  curves  of  the  average  hourly  wind  move- 
ment throughout  the  day.  The  average  hourly  velocity  is 
highest  near  the  hours  of  maximum  temperature,  or  from  1 :00 
to  3 :00  P.  M.,  and  lowest  near  the  hour  of  minimum  tempera- 
ture, or  from  6  to  7  A.  M. 
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Maximum  Velocities.  The  maximum  wind  velocities  of 
record  at  the  various  stations  are  presented  in  the  following 
table : 

Maximum  Wind  Velocity 
Tears  of  (5  min.  periods) 

Station  Eecord    Miles  per  Hour     Direction  Date 

Sosa    2  50  S  June,  1912 

Ancon  7  59  S  July  10,  1909 

Culebra  8  40  NE  Nov.  19,  1913 

Gatun  4  49  E  August,  1912 

Colon    7  40  S  July  16,  1908 
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Fig.  8. 

From  the  above  table  it  may  be  seen  that  the  maximum 
wind  velocity  for  periods  of  5  minutes  occurs  during  the  rainy 
season — the  season  of  least  average  wind  movement.  As  a 
rule  the  maximum  wind  velocities  occur  during  rain  or  thun- 
der squalls.  These  storms  are  almost  invariably  of  too  short 
duration  to  cause  dangerously  rough  seas  at  either  canal  en- 
trance, although  at  times  they  are  of  sufficient  violence  to  blow 
down  trees,  unroof  buildings  and  damage  plantations  set  to 
bananas  or  other  native  plants. 

The  most  severe  storms  of  this  character  that  have   oc- 
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TABLE  17. 


THE  PANAMA  CANAL 

ATBMGE  WI1ID  MOVENEET 

Hiles  tier  hoar 

ANCCN  -  Pacific  Coast 

Tear 

Jan. 

Pet. 

Mar. 

Apr. 

May   June  Jnly  Auk. 

Sap. 

■Oct. 

Hot. 

Pec. 

Animal 

1908 

9.2 

9.8 

9.7 

8.7 

6.4   6.2   6.9   6.4 

5.6 

7.1 

6.9 

6.6 

7.5 

1909 

6.2 

9.0 

10.3 

6.5 

5.9   5.7   6.4   5.7 

6.3 

5.6 

6.8 

7.6 

7.2 

19X0 

8.7 

9.9 

9.9 

8.1 

6.3   5.7   6.4   6.1 

5.3 

7.2 

7.0 

7.4 

7.3 

1911 

8.7 

8.8 

9.6 

7.9 

5.2   5.9   7.7   6.6 

6.5 

6.4 

5.6 

8.1 

7.2 

1912  11.5     11.1     12.0       8.9       6.7  5.7       7.0       6.8       6.2       6.1  7.1  6.7  8.0 

1913  7.3       9.3     10.6       9.7       6.7  5.5       6.9       6.2       6.2       5.7  4.2  7.5  7.2 

1914  8.1     11.0     11.8       9.0       7.2  6.5       8.1       7.5       6.1       E.9  6.1  6.3  7.8 

CU1EERA,  0.  Z.  •  Continental  Divide 


1909 

4.5 

4.9 

5.4 

8.6 

5.3 

4.8 

5.3 

4.6 

5.0 

4.5 

6.5 

7.5 

5.6 

1910 

8.8 

10.3 

9.8 

8.5 

5.8 

4.6 

5.1 

5.6 

4.5 

5.3 

6.6 

7.6 

6.9 

1911 

9.9 

10.2 

10.8 

9.0 

4.7 

5.3 

7.9 

6.4 

6.1 

4.7 

4.7 

6.6 

7.4 

1912 

10.3 

11.3 

12.0 

9.8 

7.4 

5.2 

6.7 

6.2 

5.5 

4.7 

7.0 

7.5 

7.8 

1913 

8.3 

9.7 

10.9 

9.7 

6.6 

5.1 

7.1 

6.2 

5.6 

5.2 

5.8 

7.8 

7.3 

9.0   11.0  11.8   9.3  7.4   5.9   8.3   7.7   Station  discontinued. 
COLON  -  Atlantic  Coast 


1908 

14.3 

16.9 

16.6 

14.5 

8.7 

6.7 

7.9 

6.9 

5.4 

6.8 

8.8 

9.6 

10.1 

1909 

11.8 

14.1 

13.6 

12.0 

6.3 

5.7 

6.5 

5.5 

6.1 

6.2 

8.5 

10.4 

8.9 

1910 

13.6 

15.3 

13.9 

13.1 

6.7 

6.4 

6.8 

7.2 

5.5 

6.6 

8.6 

11.5 

9.8 

1911 

14.1 

15.6 

12.9 

12.8 

5.6 

5.8 

917 

8.6 

8.9 

7.2 

7.8 

12.4 

10.1 

1912 

14.5 

14.5 

16.9 

14.8 

10.2 

7.2 

10.2 

9.3 

7.6 

7.4 

10.4 

12.1 

11.3 

1913   13.5  13.2  16.3  12.9   9.2   7.5   9.8   9.4   7.7   7.6   9.0  11.8    10.7 
X914   13.0  15.6  17.2  13.1  11.0   8.2  11.4  10.7   8.7   6.8   7.3  11.0    11.2 

BOTES: 
*  Wind  records  ware  obtained  at  Bas  Oblapo  (In  the  central  section)  during  the 
years  1907  and  1908,  but  these  records  are  not  included  with  the  Culebra 
records  as  the  wind  instruments  at  Bas  Obispo  had  a  leas  favorable  exposure. 

The  wind  instruments  wsre  exposed  at  an  elevation  of  69  feet  above  the  ground 
at  Anoon.  When  the  station  was  moved  to  Balboa  Heights  on  October  1.  1914 
this  elevation  was  Increased  to  97  feet. 

curred  in  the  Canal  Zone  since  the  American  occupation  are 
listed  below: 

Date  Location  Wind  Velocity 

July  10,  1909 Ancon  59  miles  per  hour 

April  24,  1911 Brazos  Brook  Unknown 

May  14,  1912 Matachin  60  miles  per  hourt 

Sosa  Hill  Wind  Records.  Wind  records  were  obtained  in 
1912  and  1913  from  a  station  on  the  summit  of  Sosa  Low,  for 
comparison  with  the  Ancon  records.  The  Sosa  Station  was 
established  in  April,  1912,  and  discontinued  January  1,  1914. 

t  No  wind  records  were  available  from  any  point  visited  by  the  storm, 
so  the  wind  force  was  estimated  from  the  damage  done. 
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The  average  wind  movement  during  the  year  1913  was  45 
greater  on  Sosa  Hill  than  Ancon,  due  to  the  higher  elevation 
and  better  exposure  of  the  Sosa  instruments.  The  prevailing 
direction  was  from  the  northwest  at  both  stations.  North- 
west winds  prevailed  81%  of  the  time  at  Sosa  and  60%  of  the 
time  at  Aneon. 

Wind  velocities  increase  rapidly  with  increase  in  elevation 
above  ground.  It  follows  that  to  render  the  wind  records  from 
adjacent  stations  strictly  comparable,  instrument  exposures 
should  be  similar. 

The  following  comparative  table  of  the  monthly  wind  rec- 
ords at  Sosa  and  Ancon  for  the  year  1913  illustrates  the  in- 
fluence of  elevation  and  exposure  on  the  records  (distance  be- 
tween stations  about  two  miles)  : 

Average  Hourly  Velocity   Percent   of  Northwest 
Month  Miles  Wind 


Aneon  Sosa  Ancon 

January  10.7  7.3  89  64 

February  13.3  9.3  94  68 

March  15.6  10.6  95  77 

April    13.5  9.7  88  69 

May    9.4  6.7  79  63 

June  8.0  5.5  61  43 

July   9.3  6.9  91  81 

August  8.9  6.2  85  63 

September  9.1  6.2  56  36 

October 8.3  5.7  63  32 

November    8.0  4.2  74  42 

December  10.8  7.5  93  80 

Tear  10.4  7.2  81  60 

Fogs. 

The  duration,  character  and  extent  of  fog  in  the  Canal 
Zone  have  an  important  bearing  on  the  night  navigation  of  the 
Canal,  the  location  of  range  lights,  and  other  aids  to  naviga- 
tion, etc.  Careful  records  have  been  kept  of  the  night  and 
early  morning  fogginess,  at  stations  located  along  the  line  of 
the  Canal. 

Practically  no  fogs  occur  at  either  Canal  entrance,  but 
night  and  early  morning  fogs  are  numerous  at  stations  in  the 
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interior,  especially  during  the  rainy  season  months.  An  aver- 
age of  about  200  fogs  a  year  is  observed  along  the  Culebra 
Cut  section  of  the  Canal.  Most  of  these  occur  in  the  rainy 
season.  Practically  all  fogs  lift  or  dissipate  by  8 :30  A.  M.,  so 
they  will  not  affect  the  navigation  of  the  Canal  during  the 
daytime.  A  record  of  the  fogs  observed  along  the  Canal  prism 
in  1910,  an  average  year,  is  presented  in  Table  18. 

TABLE  19. 

THE  fUM  CAH1L 

U0STE1Y  UUtff  DAYTI1E  OiOUDDESS 

(Tenths  of  Sky) 


MO  OH, 

C.  Z. 

-  Paclfio  Ooaat 

Year 

Jan. 

Feb. 

Holt. 

Jar. 

May 

June 

Jnly 

Aag. 

Sep. 

Pot. 

Wot. 

2*fc. 

Amoa; 

1906 

4.e 

6.2 

5.1 

7.7 

7.7 

6.5 

8.9 

8.2 

8.9 

7.8 

8.7 

8.4 

7.6 

1907 

5.9 

5.6 

6.2 

6.4 

8.0 

8.9 

7.7 

8.2 

8.7 

7.8 

6.9 

4.7 

7.1 

1908 

3.5 

3.6 

4.6 

5.5 

7.3 

6.5 

7.1 

6.9 

7.4 

7.3 

8.1 

6.6 

6.4 

1909 

6.0 

5.2 

5.7 

7.1 

8.0 

8.2 

7.5 

7.7 

7.4 

8.0 

8.3 

7.6 

7.2 

1910 

6.2 

6.7 

6.4 

7.9 

8.2 

8.6 

8.2 

7.6 

5.5 

6.4 

6.2 

6.4 

7.0 

1911 

4.4 

6.9 

5.5 

8.2 

8.0 

8.0 

6.2 

7.5 

6.7 

7.3 

5.0 

4.7 

6.5 

1912 

3.8 

6.1 

5.6 

5.1 

7.7 

7.4 

7.8 

7.3 

7.6 

7.5 

6.9 

5.8 

6.6 

1913 

5.0 

3.6 

4.4 

6.0 

8.8 

7.4 

5.2 

6.1 

5.5 

5.3 

5.9 

4.3 

5.6 

1914 

3.6 

4.0 

4.4 

5.7 

8.0 

7.6 

6.4 

8.2 

9.0 

8.1 

7.5 

6.4 

6.6 

0D1EBE1,  C.  Z.  -  Continental  divide 

5.6  6.5       4.9       6.3       7.4       8.6       8.4       8.2       8.4       8.3       8.0       6.3  7.2 

5.7  4.5       6.0       7.3       8.0       8.0       8.2       7.6       8.3       8.3       7.7        6.8  7.2 


1909 

6.2 

5.0 

4.1 

6.0 

6.9 

7.6 

7.6 

6.6 

7.1 

7.3 

8.5 

7.6 

6.7 

1910 

5.1 

5.3 

5.8 

7.0 

8.1 

8.6 

8.6 

8.1 

7.4 

7.7 

8.1 

6.5 

7.2 

1911 

3.8 

5.6 

4.5 

7.5 

7.8 

8.3 

7.0 

7.6 

7.5 

7.4 

7.4 

4.2 

6.6 

1912 

3.5 

4.3 

4.1 

4.9 

7.4 

7.8 

7.7 

7.3 

7.5 

7.6 

7.4 

5.2 

6.2 

1913 

4.6 

3.7 

3.7 

5.0 

8.0 

7.5 

8.4 

8.9 

8.0 

8.5 

9.2 

6.1 

6.8 

1914 

4.9 

4.4 

4.5 

6.3 

8.5 

8.8 

7.9 

8.6 

Station  discontinued. 

COLOH  ,  E.   P.   ■ 

•  Atlantio  Coast 

1908 

4.4 

3.6 

4.1 

4.7 

7.0 

6.7 

7.1 

6.4 

7.0 

6.8 

7.1 

5.5 

5.9 

1909 

6.0 

4.7 

4.8 

5.3 

6.8 

6.2 

6.8 

6.6 

6.3 

6.1 

7.7 

6.9 

6.2 

1910 

5.1 

4.6 

4.0 

6.0 

6.e 

7.6 

6.2 

7.1 

6.7 

6.C 

7.8 

6.9 

6.4 

1911 

3.9 

6.2 

3.9 

6.6 

7.1 

7.6 

6.4 

7.5 

6.3 

6.7 

6.4 

5.1 

6.1 

1912 

4.9 

5.5 

4.4 

3.7 

6.6 

7.3 

7.1 

6.8 

7.0 

7.5 

8.4 

5.3 

6.2 

1913 

4.5 

4.0 

4.4 

5.1 

7.1 

6.8 

7.0 

6.9 

7.0 

6.8 

8.2 

5.2 

6.1 

1914         4.6       4.6       4.2       4.8     7.1         7.6       6.5       7.7        8.1        6.9       6.4       5.9  g.Z 

Cloudiness. 

Continuous  records  of  the  daytime  cloudiness  are  kept  at 
each  first-class  meteorological  station,  but  no  French  records 
of  Isthmian  cloudiness  are  available. 

The  daytime  cloudiness  over  the  Canal  Zone  is  less  during 
the  dry  season  than  during  the  rainy  season,  the  average  (in 
percentage  of  whole  sky  observed)  being  about  52  per  cent 
for  the  dry  season,  and  73  per  cent  for  the  rainy  season. 
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March  is  the  month  of  minimum  cloudiness,  while  June 
has  been  the  month  of  maximum  cloudiness  in  the  Central  and 
Pacific  sections,  and  November  along  the  Atlantic  Coast. 

The  average  cloudiness  is  greater  in  the  interior  and  over 
the  Pacific  section  than  along  the  Atlantic  Coast.  The  explana- 
tion of  this  condition  is  found  in  the  prevailing  direction  of  the 
winds.  During  the  greater  part  of  the  year,  the  prevailing 
winds  blow  from  off  the  Atlantic.  These  winds  reach  the 
Isthmus  with  water  vapor  in  large  measure  uncondensed,  and 


Average  Monthly   Cloudiness   (Daytime)  in  Percentage  of  Sky 
Obscured  and  Average  Number  or  Rainy  Days 


Fig.  10. 

therefore  not  visible  in  the  form  of  clouds.  In  crossing  the 
Isthmus  a  large  part  of  the  water  vapor  carried  by  the  winds 
is  condensed  and  becemes  visible  as  cloud,  the  most  effective 
agent  of  condensation  being  the  convective  air  currents  that 
develop  over  the  excessively  heated  land  surface,  and  the  up- 
ward deflection  of  the  winds  in  approaching  and  crossing  the 
continental  divide.  Any  increase  in  the  elevation  of  a  mass 
of  air,  from  whatever  cause,  results  in  a  corresponding  de- 
crease in  its  temperature.    "When  the  temperature  of  the  ascend- 
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ing  air  current  is  lowered  to  the  dew  point,  the  invisible  water 
vapor  condenses  and  becomes  visible  as  cloud. 

The  cloudiness  is  generally  greater  during  the  daytime 
than  at  night.  This  is  especially  noticeable  during  the  dry 
season,  when  heavy  cumulus  clouds  form  regularly  during  the 
daytime,  and  as  regularly  disappear  with  the  approach  of 
night. 

All  of  the  recognized  cloud  types  are  well  represented  on 
the  Isthmus.  Of  the  lower  clouds,  the  cumulus  form  are  most 
numerous  during  the  dry  season,  while  strato-cumulus,  stratus 
and  nimbus  clouds  prevail  during  the  rainy  season.     All  of 
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Fig.  11. 

the  recognized  types  of  upper  clouds  are  well  represented 
throughout  the  year,  altho  cirro-stratus  and  alto-stratus  clouds 
usually  predominate,  especially  in  the  rainy  season.  Curves 
showing  the  monthly  march  of  average  daytime  cloudiness  are 
shown  in  Fig.  10. 
Relative  Humidity. 

November  is  the  month  of  highest  relative  humidity  in 
the  Canal  Zone,  and  March  the  month  of  lowest  average  hu- 
midity. As  a  rule  the  relative  humidity  rises  with  increase  in 
rainfall,  but  falls  rapidly  with  rise  in  temperature.  This  ap- 
plies both  to  the  diurnal  and  the  seasonal  fluctuations.  The 
regular  diurnal  fluctuations  in  relative  humidity  are  greatest  in 
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the  dry  season,  and  least  in  the  rainy  season.  The  maximum 
humidity  for  the  day  usually  occurs  around  6  A.  M.,  and  the 
minimum  at  about  2  P.  M.    The  absolute  range  of  relative  hu- 

flVERAGE    Bl-HOUnY  RELATIVE   HuMIDITT 
ffon/h  of  November-  Maximum  Conditions 
.0  (Fatny  Season) 

a  Based   on  a/I  ayai  /ao/a   records. 
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midity  recorded  in  the  Canal  Zone  since  the  American  occu- 
pation is  given  below.  Absolute  maximum,  100%,  recorded  at 
various  stations  a  number  of  times.  Absolute  minimum,  24%, 
recorded  at  Culebra  on  March  20,  1910. 

The  average  monthly  variations  in  humidity  at  the  three 
first-class  stations  are  shown  on  Fig.  11,  while  Figs.  12  and  13 

Avrpnae    Bi-hourly  Rslative  Humidity 

Month  of  March  -  Minimum    Conditions 
(Dry  Season} 


2AM         4AM  6AM  6AM         to 


AM.         I2M.  3  PM 

Fig.   13. 
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show  average  diurnal  humidity  curves  for  the  months  of  maxi- 
mum and  minimum  conditions. 
Atmospheric  Pressure. 

The  Canal  Zone  lies  within  the  equatorial  belt  of  low  at- 
mospheric pressure  and  outside  the  regions  of  violent  atmos- 
pheric disturbances.  Barometric  readings  are  almost  uniform 
from  day  to  day,  changes  in  pressure  are  slight,  except  for  the 
regular  well  marked  diurnal  fluctuations  characteristic  of 
tropical  climates.  General  storms  of  wide  extent  seldom  occur 
in  this  region.  The  extensive  areas  of  low  pressure  and  high 
pressure  that  cross  the  continental  area  of  the  United  States 
at  frequent  intervals,  producing  the  cyclonic  and  anti-cyclonic 
storms  that  characterize  the  climate  in  middle  latitudes,  do 
not  extend  southward  beyond  the  Tropic  of  Cancer,  and  the 
paths  followed  by  the  West  Indian  hurricanes  lie  well  to  the 
northward  of  the  Canal  Zone.  It  follows  that  most  of  the 
storms  on  the  Isthmus  are  local  rain  or  thunder  squalls  of 
short  duration,  and  do  not  involve  extensive  atmospheric  dis- 
turbances. These  local  storms  are  caused  by  the  eonvective 
circulation  of  the  air,  due  to  its  excessive  heating  under  the 
influence  of  solar  radiation. 

In  a  region  of  stable  barometric  conditions,  such  as  pre- 
vail in  the  Canal  Zone,  local  barometric  readings  are  prac- 
tically of  no  value  in  forecasting  weather  conditions.  "Weather 
forecasts  based  on  local  barometric  readings  may  be  made, 
with  a  considerable  degree  of  success,  in  regions  affected  by 
violent  atmospheric  disturbances,  but  a  more  satisfactory 
method  is  to  base  local  forecasts  on  a  study  of  weather  condi- 
tions over  the  entire  surrounding  territory,  as  revealed  by  daily 
simultaneous  weather  observations.  Daily  weather  records 
covering  the  territory  surrounding  the  Isthmus  are  not  avail- 
able, and  no  attempt  has  been  made  to  forecast  weather  con- 
ditions from  day  to  day,  but  conditions  in  the  Canal  Zone  are 
of  such  uniformity  that  fairly  accurate  forecasts  may  be  made 
of  the  general  weather  probabilities  for  the  various  months, 
based  on  average  conditions. 
Northers. 

While  the  Canal  Zone  lies  well  south  of  the  paths  fol- 
lowed by  the  destructive  West  Indian  hurricanes,  on  two  oc- 
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casions  since  the  American  occupation  the  weather  on  the 
Isthmus  has  been  affected  to  a  marked  degree  by  the  passage 
of  storms  of  this  character  across  the  Caribbean  Sea  and  West 
Indies. 

In  October,  1910,  the  weather  on  the  Isthmus  was  notice- 
ably affected  by  the  passage  of  a  hurricane  of  unusual  severity 
over  the  West  Indian  and  Gulf  regions.  This  abnormal  depres- 
sion over  the  West  Indies  and  the  resulting  steep  barometric 
pressure  gradient  toward  the  north,  caused  a  general  reversal 
of  the  wind  direction  on  the  Isthmus  during  the  second  decade 
of  the  month.  Brisk  southerly  winds  and  generally  fair 
weather  prevailed  during  this  period.  Heavy  rains  fell  later 
in  the  month  following  the  reestablishment  of  normal  atmos- 
pheric conditions. 

Again  in  November,  1912,  the  atmospheric  circulation  over 
the  Isthmus  was  affected  in  a  similar  manner  by  the  passage 
of  a  severe  hurricane  across  the  Caribbean  Sea  and  over  the 
island  of  Jamaica. 

Practically  the  only  general  storms  that  visit  the  section 
of  the  Isthmus  traversed  by  the  Panama  Canal  are  the  so-called 
"Northers",  which  occasionally  extend  as  far  south  as  the  At- 
lantic entrance  to  the  Canal  during  the  period  from  October 
or  November  to  April  inclusive.  These  storms  are  character- 
ized by  steady  brisk  northerly  winds,  ranging  in  velocity  up  to 
30  or  more  miles  per  hour,  blowing  from  an  anti-cyclonic  area 
of  high  pressure  over  the  Southern  States  or  Gulf  region,  to- 
ward the  equatorial  belt  of  low  pressure.  They  may  or  may 
not  be  accompanied  by  heavy  rainfall.  The  winds  alone  are 
usually  of  insufficient  force  to  hinder  seriously  navigation  at 
the  Atlantic  entrance  of  the  Canal.  The  principal  damage  to 
shipping  interests  has  resulted  more  often  from  the  heavy  swell 
and  high  waves  that  accompany  these  storms,  than  from  any 
extremely  high  maximum  wind  velocity.  The  Atlantic  en- 
trance breakwaters  now  protect  the  inner  bay  from  heavy  seas 
of  this  character.  No  marked  changes  in  atmospheric  pressure 
precede  these  "Northers",  indicating  their  approach,  but  they 
are  accompanied  or  followed  by  a  considerable  rise  in  pressure. 

Altho  changes  in  barometric  pressure  are  very  small  from 
month  to  month,  the  average  pressure  is  slightly  higher  in  the 
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dry  season  than  during  the  rainy  season.  February  has  been 
the  month  of  highest  average  pressure  at  all  stations,  and  Sep- 
tember the  month  of  lowest  pressure. 


A 

'£RAG£ 

Month 

y  Air 

PJ?E55L 

*ft£  (/no  >ejj 

Ret 

'd/rrgs  C 

jrrecfec 

■and  fie 

■/aced A 

*  Seal  ere/ 

/ 

'/ 

~\ 

\ 

/ 

/    / 

X       ^ 

\ 

.86 

/ 

/ 

\\ 

!c«fcy 

/ 

y 

* 

\ 

f>/e>£r 

^ 

/   , 

\ 

Ancor? 

fe  L. 

^— — . 

^^ 

^^^            ~*^ 

</ 

/* 

23  00 

- 

3 

' 

- 

? 

a           2           S 

Fig.  14. 

Curves  of  average  diurnal  pressure  fluctuations  are  ex- 
hibited on  Pig.  15.  These  show  periods  of  maximum  pressure 
at  about  10  A.  M.  and  10  P.  M.,  and  daily  minimum  at  about  4 
A.  M.  and  4  P.  M.,  with  an  average  diurnal  range  of  about 
0.10  inch.  Curves  of  average  monthly  pressures  are  shown  on 
Fig.  14. 

Average.  Annual  Bi-hourly Atmospheric Pressure  feap/r/ss 

R&d^ed  -fc>  sea- fere/  and  <?orrec{&c/Jx>r  £emoe.roJ-tsi~e>r 
ins-frtsmenro/  error  and  /aS-trcd^. 


Fig.  15. 
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TABLE  4A  AND  4B. 

average  Monthly  Rainfall  Oatun  Lake 
Basin 


Vonth 

1     1901 

1      190?      1 

1903 

<      1904 

1      1905      i 

1906 

I      1907 

I      1908 

I      1909 

1      1910      I 

1911 

1912 

I      1913 

I      1914 

Monthly 
t     Avoraoej 

January 

12.90   i 

1.07 

5.81 

6.49    ■ 

1.32 

i       1.92 

2.23 

8.01 

t 

5.14   1 

.50 

.79 

3.09 

2.01 

3.94 

february 

i          .58   i 

.27 

1.01 

1.07   t 

1.06 

1.40 

.78 

4.59 

4.94   i 

2.70 

i.a 

1.67 

1.63 

1.78 

Harah 

1.91    i 

.79 

1.66 

.61   i 

1.21 

1.96 

1.86 

2.45 

5.97   I 

1.31 

.25 

.69 

.71 

1.64 

April 

I        4.74    , 

1.46 

11.09 

1.90   ■ 

6.39 

.90 

3.05 

8.44 

6.16   I 

4.77 

1.49 

2.05 

2.71 

4.24 

•V 

10.21 

11.93   i 

12.55 

10.09 

22.27   i 

10.64 

7.69 

19.03 

11.99 

11.61    I 

16.94 

11.52 

17.91 

11.36 

13  .25 

Jura 

11.06 

7.89   i 

10.72 

15.16 

8.90   i 

12.37 

14.90 

12.24 

15.12 

13.03  a 

10.64 

13.28 

10.15 

13.   61 

12.06 

Jul; 

10. re 

14.79    i 

16.56 

12.76 

9.44  I 

16.90 

12.45 

9.50 

14.49 

18.21   i 

8.18   i 

13.03 

9.79 

'      6.63 

12.32 

August 

15.50 

8.86   i 

14.31 

9.73 

17.84  I 

18.61 

14.72 

16.88   I 

9.64 

14.06   i 

10.85  I 

12.41 

13.69 

11.17   i 

13.44 

September 

13.91 

11.75   i 

11.30 

14.03 

8.88  j 

12.97 

11.17 

10.31    i 

10.76 

16.14   ■ 

9.06   i 

11.43 

10.57 

15.97   i 

12.02 

Ootobar- 

16.19 

14.37    I 

12.39 

8.72 

16.10  i 

12.81 

17.61 

12.01    i 

15.09 

14 .87   I 

14.53   I 

15.87   i 

11.52 

19.08    i 

14.33 

KOTeoibsr 

29.20 

16.09   i 

23.24 

•   20.89 

12.81   I 

22.88 

11.66 

18.80   i 

35.74 

20.69   i 

17.16    I 

15.91    i 

16.76 

11.01    i 

19.50 

Deoember 

6.29 

6.66   t 

17.27 

.      8.82 

9.00   I 

15.36 

4,78 

8.96   i 

26.20 

19. a  ■ 

1.77   I 

5.34  i 

4.71   i 

5.66   i 

9.80 

Tear            i 

•113.08    i 

112.49    1 

121.93 

116.77  i 

115.37   i 

132.45   i 

101.26   i 

115.66   i 

162.42    I 

1 

149.66   I 

98.41    I 

102.83   t 

102.40  i 

100.54  ■ 

118.34 

•  3ura  fbr   8  months 


Average  Monthly  Rainfall,  Chagres  River 

Basin  Above  Alhajuela 


i:onth 

1901 

I      1902 

1903 

1904 

1905      I 

January 

12.36 

.71 

6.76 

6.21   i 

February 

.54 

.30 

.40 

.74  ■ 

Karon 

1.62 

.78 

1.30 

1.18    t 

April 

5.55 

1.24 

10.47 

2.12   i 

toy 

11.71 

12.42 

12.90 

10.67 

23.01   i 

Jus* 

12.74 

8.80 

11.93 

19.00 

8.36   t 

July 

10.04 

16.65 

20.05 

15.92 

9.08   i 

August 

16.67 

8.25 

16.56 

10.62 

15.78    i 

September 

16.20 

11.81 

11.25 

15.76 

8.00   i 

October 

18.86 

14.32 

13.88 

9.18 

13.64   i 

Hot  ember 

30.72 

16.76 

25.41 

23.22 

13.00  I 

Decs-bar 

5.74 

6.59 

19.96 

5.83 

8.66   I 

1906 


1.55  I 

.85  i 

.60  : 

5.10  I 

10.98  t 

14.28  i 

21.32  I 

24.22  i 

12.94  i 

12.26  I 

26.94  I 

14.94  I 


1907 

1908 

1909 

1910 

1911 

1912      1 

1.65 

2.85 

11.81 

8.52 

.49 

.38   t 

.86 

.75 

6.26 

4.24 

4.60 

.98   I 

1.41 

2.28 

1.92 

4.53 

1.20 

.34   I 

.76 

3.08 

13.05 

5.06 

5.74 

.52   I 

6.38 

20.38 

12.00 

10.40 

17.68 

13.86   > 

17.14 

14.02 

18.72 

14.44 

14.28 

15.71   i 

17.54 

9.83 

19.98 

19.90 

Ik.  66 

16.14  t 

16.86 

16.81 

10.99 

17.07 

16.68 

13.97   i 

13.09 

11.02 

10.74 

15.80 

13.42 

11.64  t 

18.86 

11.18 

14.01 

12.46 

13.58 

16.19   I 

11.54 

26.14 

40.62 

18.98 

18.90 

16.91   i 

6.46 

14.87 

40.54 

19.19 

1.28 

5.23   I 

1913 


1914 


2.86  : 

1.07  : 

.46  > 

1.37  i 

19".51  i 

10.27  : 

11.43  t 

16.79  t 

9.91  I 

11.67  i 

22.16  I 

4.39  ■ 


.92 

.96 

.41 

2.54 

9.98 

14.69 

7.92 

15.27 

20.53 

22.40 

9.95 

3.51 


Monthly 
AveraK» 


4.31 

1.66 

1.39 

4.35 

13.70 

13.68 

14.82 

15.38 

12.94 

14.39 

21.45 

11.22 


Tear 


1*121. 58    I   115.67   ,    134.97    i    127.96  I 


109.71    .    145.98    I    112.45  ".   133.21   I    199.64   I   150.59n   119.51    I   109.87  ,   110.88  ,   109.07   I      129.49 


•  Sum  for  8  months 
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TABLE  5. 

THE     PANAMA     CANAL 
AV73UGE  MONTHLY  RAINFALL 

VALUES    IK   INCHES 


Station 

January 

Fobruary 

Kirch 

AprU 

1!  a  y 

June 

July 

Aug. 

Sept. 

Oot. 

Dot. 

.   Doc. 

Yost 

incon  * 

(17) 
falboa 

(16) 
Hiraflores 

(6) 
W.  NUcuol 

(7) 
Rio  CTar.de 

(10) 
Sul  ebra 

(24) 
Cairo  c  ho 

(8) 
ftnplre 

(10) 
Gcaboa 

.95 

.76 

.71 

2.72 

8.81 

8.10 

7.76 

7.49 

7.80 

10.53 

10.45 

4.44 

70.52 

1.04 

.51 

.73 

3.89 

7.32 

7.e6 

9.22 

7.35 

6.98 

9.44 

9.28 

5.92 

69.54 

1.88 

1.52 

.CO 

3.10 

10.03 

9.74 

7.83 

8.11 

9.91 

11.91 

11.58 

7.51 

63.72 

1.04 

.79 

.32 

3.17 

11.37 

10.27 

8.50 

8.21 

8.69 

11.64 

10.86 

6.47 

81.33 

1.39 

.61 

.29 

3.01 

11.04 

9.27 

9.98 

9.95 

10.72 

12.01 

10.77 

5.49 

64.53 

1.66 

.55 

.65 

3.54 

11.28 

8.83 

9.17 

10.50 

11.20 

11.39 

12.09 

7.28 

86.16 

1.15 

.71 

.43 

3.02 

12.31 

10.10 

9.27 

10.16 

10.41 

12.96 

12.58 

5.98 

89.07 

.79 

.54 

.36 

2.99 

10.17 

8.61 

8.45 

9.80 

8.51 

12.87 

10.81 

5.15 

79.05 

1.83 

.82 

.76 

3.40 

11.02 

9.89 

10.18 

12.20 

10.60 

12.58 

12.18 

6.79 

92.17 

(32) 

Juan  Mina 

.41 

.90 

.17 

1.46 

12.09 

10.99 

8.78 

11.63 

12.04 

13.07 

12.44 

4.76 

66.76 

(4) 

Alhajuela 

1.14 

.71 

.58 

2.95 

12.24 

12.75 

1?.46 

12.90 

11.76 

13.66 

13.97 

6.43 

101.55 

(15) 

B.  VI--la 

.99 

2.08 

.60 

1.91 

11.71 

13.95 

11.09 

12.83 

12.78 

15.90 

15.70 

6.59 

105.13 

(6) 

Frijoles 

1.78 

2.46 

.26 

2.19 

16.23 

11.67 

6.82 

12.68 

11.36 

17.57 

14.17 

6.77 

101.96 

(3) 

Bohlo 

6.00 

2.11 

2.01 

5.78 

13.84 

12.14 

13.01 

14.77 

13.53 

16.60 

19.26 

10.67 

129.72 

(17) 

?rinid?d 

3.09 

2.46 

2.52 

4.53 

14.53 

10.89 

6.34 

10.68 

12.48 

14.95 

19.28 

9.40 

113.16 

(7) 

Uonte  Llrlo  3.21 

3.69 

2.94 

4.62 

14.20 

13.33- 

11.84 

11.85 

12.86 

16.58 

21.66 

9.84 

126.62 

(7) 

Oatun 

3.69 

2.32 

2.53 

4.11 

15.33 

17.31 

11.21 

14.20 

9.86 

16.22 

20.76  i: 

125.51 

(10) 

Brazos  Brlc 

3.46 

2.37 

2.67 

3.94 

13.88 

16.42  11 

14.94 

11.60 

16.26 

23.42 

13.00 

136.73 

(8) 

Colon 

3.97 

1.47 

1.63 

4.05 

12.77 

13.38 

16.22 

15.10 

12.52 

14.56 

21.66 

12  ho 

129.43 

(44) 

It.  Bello 

7.61 

4.13 

2.49 

5.66 

17.74 

16.12 

19.77 

18.93 

13.28- 

12.63 

30.16  20. 

169.15 

(6) 

Figures  In  parentheses  represent  numb  r  or  years  of  record. 

•  Station  mored  to  Balboa  H^i^hts,  Ootober  1,  1914. 
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TABLE  10. 

TH2     FAUU     CANAl 

CAMBOA  —  MONTHLY  RAINFALL 

INTEU08  —  INCHES. 


Tear 

Janiary 

February 

March 

April 

III; 

June 

July 

Allj  uet         Sent 

■       Oot. 

Hot. 

Deo. 

Ybot 

1881 

10.63 

12.46 

9.17 

10.39 

11.06 

12.95 

4.76 

1882 

0.51 

1.50 

16.68 

6.26 

10.12 

9.86 

11.81 

8.15 

11.81 

1.38 

1883 

2.60 

9.68 

11.02 

6.54 

15.94 

4.13 

10.04 

7.01 

6.30 

1.84 

0.00 

0.71 

0.28 

6.46 

6.18 

13.35 

9.62 

16.50 

10.55 

22.36 

6.18 

2.20 

94.39 

1885 

0.0 

0.20 

0.00 

1.38 

11.06 

10.36 

9.06 

15.51 

16.10 

9.33 

13.23 

11.06 

97.48 

188S 

0.55 

1.06 

0.71 

2.76 

15.71 

10.56 

11.69 

16.38 

9.13 

13.62 

16.10 

4.61 

102.87 

1837 

2.20 

0.08 

0.28 

6.85 

11.02 

19.45 

14.02 

19.17 

11.50 

14.89 

24.06 

12.68 

136.19 

1638 

0.12 

0.63 

0.35 

1.26 

^0.47 

11.93 

3.27 

10.24 

12.28 

9.57 

16.18 

16.34 

102.64 

1889 

1.97 

4.53 

1.42 

0.00 

4.37 

9.10 

7.28 

10.51 

11.42 

13.07 

8.70 

3.35 

75.72 

1890 

4.06 

0.35 

£.36 

3.03 

13.27 

11.65 

10.43 

15.35 

8.90 

21.41 

9.92 

4.29 

105.02 

1891 

0.63 

0.00 

0.35 

2.13 

7.48 

9.29 

6.06 

8.50 

10.47 

15.71 

10.67 

C.38 

77.67 

1892 

1.10 

0.67 

2.56 

4.72 

16.81 

8.54 

13.98 

14.33 

13.74 

11.10 

10.24 

6.56 

104.37 

1893 

0.67 

1.06 

0.71 

7.44 

11.89 

10.71 

15.87 

7.95 

10.24 

16.60 

12.57 

20.67 

116.49 

1894 

1.46 

0.16 

0.02 

1.34 

10.94 

9.21 

11.43 

7.63 

15.16 

15.85 

9.76 

7.65 

90.83 

1895 

0.67 

5.09 

15.37 

9.36 

1696 

4.55 

3.35 

2.89 

5.54 

1897 

0.94 

0.20 

0.00 

3.23 

17.44 

12.64 

9.10 

17.20 

18.82 

12.80 

5.91 

9.05 

107.33 

1898 

2.76 

0.1* 

0.00 

1.42 

5.32 

4.65 

18.43 

2  0.16 

4.10 

8.70 

1^.57 

2.40 

82.63 

1899 

6.00 

1.73 

1.34 

1.42 

8.54 

8.78 

9.45 

10.95 

13.46 

7.96 

P. 70 

2.66 

80.00 

1900 

1.01 

0.16 

0.13 

3.21 

6.76 

12.15 

13.46 

6.92 

9.24 

12.11 

10.67 

0.79 

76.?"0 

1901 

0.35 

0.24 

0.20 

0.79 

10.87 

7.68 

9.21 

13.87 

8.43 

14.14 

19.11 

6.70 

91.69 

1902 

13.40 

0.16 

4.37 

9.49 

10.92 

6.30 

6.26 

8.43 

6.90 

12.91 

14.38 

2.24 

97. 76 

1903 

0.67 

0.12 

0.32 

0.41 

11.35 

11.03 

13.45 

12.87 

9.30 

14.18 

11.94 

13.83 

99.47 

1904 

3.35 

2.27 

1.91 

12.00 

6.71 

9.71 

5.01 

7.01 

12.43 

9.51 

12.01 

4.54 

86.46 

1905 

2.74 

0.05 

0.41 

2.94 

10.72 

8.59 

5.77 

11.58 

6.65 

14.85 

5.49 

6.68 

76.47 

1906 

1.37 

0.47 

0.16 

6.44 

6.22 

8.04 

17.81 

11.33 

9.42 

5.06 

15.92 

11.68 

94.84 

1907 

0.2S 

0.29 

0.35 

0.44 

5.98 

9.68 

7.92 

12.69 

14.01 

13.02 

10.43 

2.56 

7C.05 

1908 

0.19 

0.04 

0.50 

2.65 

15.29 

6.15 

11.43 

11.84 

6.28 

6.90 

7.32 

6.92 

77.51 

1909 

2.77 

4.07 

0.56 

5.55 

15.37 

9.55 

11.59 

7.03 

7.90 

16.98 

28.41 

12  .33 

122.11 

1910 

1.24 

1.80 

3.12 

3.85 

11.09 

L-'.08 

17.00 

10.66 

12.24 

12.90 

16.90 

13.11 

115.99 

1911 

0.11 

0.71 

0.38 

4.01 

14.53 

6.98 

7.26 

7.68 

5.20 

12.75 

10.09 

0.97 

70.67 

1912 

0.06 

1.11 

0.10 

0.77 

7.94 

11.64 

14.27 

16  .64 

12.75 

13.60 

6.56 

3  «63 

89. C7 

1913 

2.65 

0.68 

0.08 

1.07 

15.13 

8.02 

8.06 

1C45 

9.46 

8.71 

14.13 

1.62 

86.28 

1914 

0.64 

0.23 

0.02 

1.38 

10. *8 

17.78 

3.91 

7.97 

11.50 

9.79 

7.70 

6.15 

77.35 

TABLE  11. 
rax   pai:aua    canal 

0010M  -  MONTHLY  RAIITALJ.  ATLANTIC  C0A8T 
Values  In   Inches 


Digitized  by 


Year 

January 

Fobruary 

liar  oh 

April 

Kay 

June 

July 

August 

Sept 

Oot 

Kov      Deo 

Year 

1663 

1.75 

2.94 

0.85 

4.70 

18.09 

15.32 

25.76 

10.34 

15.54 

11.22 

17.69  15.21 

134.32 

1664 

1.90 

0.77 

0.78 

0.44 

16.67 

6.76 

16.54 

13.37 

17.65 

12.63 

17.90  16.40 

123.43 

1665 

1.10 

1.08 

0.02 

3.69 

9.22 

16.66 

9.61 

18.39 

8.55 

9.69 

22.16     5.58 

106.14 

1866 

8.99 

1.07 

0.21 

4.07 

14.76 

12.17 

16.72 

12.72 

18.82 

16.04 

21.72     8.42 

129.71 

1867 

1.86 

0.80 

0.48 

1.20 

11.88 

8.86 

16.03 

10.82 

5.35 

20.50 

1668 

1.17 

2.77 

2.18 

0.87 

7.24 

18.11 

20.60 

12.50 

16.16 

13.13 

21.58     3.72 

120.03 

1869 

0.83 

0.73 

0.49 

5.04 

6.72 

10.66 

18.22 

14.02 

8.98 

14.82 

24.1?   10.10 

114.74 

1870 

4.S0 

3.33 

4.95 

6.46 

20.96 

12.48 

15.60 

16.36 

6.74 

11.21 

32  ..12   14.95 

149.64 

1871 

16.42 

0.53 

0.05 

1.52 

1.63 

7.70 

23.27 

11.56 

8.00 

12.58 

12.38     4.94 

99.58 

1872 

8.67 

0.76 

0.83 

1.30 

21.43 

22.00 

19.90 

19.97 

16.20 

30.32 

19.11   13.12 

168.50 

187S 

6.83 

0.25 

0.13 

2.18 

3.92 

13.20 

12.50 

10.69 

10.91 

14.30 

11.77     0.94 

£7.12 

1874 

6.38 

1.34 

3.94 

18.02 

8.92 

16.87 

13.62 

17.28 

8.22 

6.30 

16.65 
12.91 

20.62     7.69 
22.13  10.35 

,  ,137 .70 

1881 

1.08 

2.52 

10.04 

15.28 

12.24 

6.46 

1882 

1.65 

1.10 

1.69 

1.73 

13.23 

18.90 

19.10 

13.94 

10.63 

14.96 

22.09     6.06 

124.10 

1883 

1.86 

0.47 

0.55 

1.77 

11.65 

10.08 

13.39 

25.43 

11.14 

16.77 

11.10  10.94 

115.34 

1884 

3.39 

0.39 

0.39 

4.33 

10.16 

10.32 

15.59 

13.27 

9.37 

8.66 

7.05     3.62 

ee.54 

1885 

0.87 

0.69 

0.55 

1.34 

7.91 

16.61 

22.99 

20.32 

17.44 

7.99 

24.17  25.51 

14c  .29 

1886 

2.13 

6.00 

9.17 

1.38 

13.15 

16.38 

11.10 

12.20 

7.52 

14.33 

21.69  22.72. 

'37.17 

1887 

2.01 

0.67 

0.47 

10.63 

10.28 

16.50 

17.05 

16.69 

15.63 

19.61 

31  .el   13.33 

154.88 

1889 

0.63 

1.68 

1.26 

4.75 

e.ce 

10.15 

16.01 

11.48 

10.70 

16.42 

25.60  14.72 

121.52 

1990 

7.24 

1.02 

2.01 

2.99 

9.76 

17.24 

10.24 

20.51 

22.99 

21.77 

19.49  19.06 

154.32 

1891 

2.52 

0.51 

1.50 

0.51 

23.00 

7.99 

14.02 

15.98 

17.48 

17.48 

19.49     4.25 

124.73 

1892 

0.98 

2.01 

3.98 

5.00 

16*03 

16.97 

21.77 

15.98 

16.26 

6.69 

26.30  11.30 

145.27 

1893 

1.73 

3.82 

1.81 

8.07 

6.56 

12.32 

11,50 

15.12 

9.92 

1 n  .  2 1 

17.80  3d. 94 

131.89 

1894 

5.35 

1.65 

0.35 

2.16 

9.85 

12.24 

19.10 

23.03 

18.78 

12.40 

23. 06  25.12 

153.69 

1895 

3.86 

1.89 

2.09 

21.73 

16.77 

9.25 

17.09 

14.13 

12.09 

16.46 

20.47  15.71 

151.54 

1996 

4.02 

1.30 

2.01 

9.02 

16.46 

8.50 

13.58 

15.51 

12.64 

13.93 

15.63  It .66 

131.51 

1897 

3.42 

0.04 

0.23 

3.74 

16.34 

18.82 

14.06 

17.24 

17.20 

5.83 

22.16  18.90 

138.03 

1898 

5.04 

0.35 

1.58 

4.72 

12.83 

16.38 

21.89 

10.91 

10.24 

11.38 

12.28     7.95 

115.55 

189" 

6.93 

6.49 

1.26 

0.43 

13.90 

6.41 

27.68 

14.80 

16.55 

15.09 

14.49     9.04 

133.07 

1900 

6.06 

0.33 

1.06 

0.75 

12.25 

11.65 

16.81 

17.00 

9.37 

16.33 

2  0.28      4.13 

116.02 

1901 

1.28 

0.94 

1.67 

1.50 

6.19 

11.05 

9.94 

12.51 

11.68 

12.65  32.73      5.41 

107.75 

1902 

19.20 

0.59 

2.33 

4.46 

11.10 

7.00 

16.81 

5.78 

11.06 

14.24 

12.18      7.10 

111. 85 

1903 

1.00 

0.35 

0.96 

1.65 

14.74 

10.91 

16.73 

14.25 

11.61 

10.04 

28.30    15.75 

126.29 

1904 

7.02 

0.47 

1.65 

11.46 

11.06 

15.83 

14.21 

11.14 

13.86 

8.14 

26.33      7.02 

128.19 

1505 

8.42 

1.13 

C.62 

2.28 

22.96 

8.10 

9.07 

15.01 

6.80 

13.45 

17.92     9.50 

115.26 

1506 

1.47 

1.14 

1.42 

4.23 

10.07 

14.09 

19.23 

18.31 

12.48 

13.34 

26.64   15.64 

138.06 

1907 

2.47 

1.37 

2.16 

1.06 

6.33 

16.89 

17.86 

18.89 

11.72 

21.99 

15.37      9.36 

125 .47 

1528 

3.64 

1.08 

3.53 

1.27 

22.49 

10.53 

14.76 

16.89 

11.57 

10.96  31.72     9.07 

137.71 

1509 

10.61 

1.92 

1.65 

3.56 

7.21 

17.49 

12.83 

15.42 

16.33 

19.31 

42.50   34.38 

163.41 

1910 

2.94 

3.58 

5.46 

3.30 

12.09 

13.63 

21.07 

i4.93 

12.05 

15.65 

30.04  15.20 

149 .94 

1911 

0.99 

1.81 

1.41 

3.06 

17.13 

15.58 

14.58 

11.60 

11.62 

16.53 

15.61     2.63 

112.75 

1912 

0.28 

1.31 

0.66 

.75 

12.03 

15.90 

13.13 

9.87 

12.23 

17.65 

21.81   11.47 

117.59 

1913 

6.71 

1.75 

0.79 

2.69 

22.60 

11.61 

IS  .13 

17.91 

9.90 

16.63 

16.75     6.6S 

131.22 

1914 
'TOCl 

iM-  - 

1.32 

0.91 

4.12 

17.76 

16.30  10.74 

16.01 

14.80 

22.16 

18.35     8.86 

132.70 

TABLE  13. 

MONTHLY  METEOROLOGICAL   DATA.   -  AKOOK.    C.    Z. 


MEAKS  FOR  YEARS  OF  RECORD   (8   YEARS 

)  -  1906  ■ 

-  1913. 

Mean  wet 
Thermome- 

Moan Tenc. 
Den  point 

Mean  Rel 
Humidity 

:Prccl-pltatlon  (In1 

s): 

tAve. 

W 

I  N  D 
Max. 

Ko  of  Daye 

:  Atmospherio  Pres- 
1    sure  -   (Inches.) 

Air  Temperature 

— .  De«3.     F 

Telocity 

ifll-  Pt.  C  Th- 
lear  CI-  1  und 

, Average 

MONTH 

Monthly 

Mean 

Mean 

Mean     i 

:  Monthly     No. 

.Cloudi- 

:  Sea  level  -  Monthly 

Mean 

Ifaz.     Sate 

dally 

Mln.     Date 

dally 

dally  : 

ter 

:  Mean 

Rainy 

:Krly 

Prer 

Ml.pr 

i         dy.  o  er 

ness  - 

t             Mean 

Max. 

Mln. 

Range  i 

. .. 

. 

(1) 

days. 

iMbv. 

Dlr. 

hr. 

Dlr.     Date 
Jan.  8 

1                   u  St 
:XJt  _       i£  qrn 

:  Tenths 
lOf  Sljy 

(2) 

(Jan  27) 

l 

January 

i              29.857 

80.3 

93       1906 
(2) 

89.6 

63       1910 
(2) 

71.0 

18.6      : 

72 

71 

77 

:    .99 

7 

:8.9 

a* 

28 

BW       1908 
Feb  23 

:10     18      3     1 

:      5.0 

February 

i              29 .877 

i  80.4 

95       1908 
(2) 

90.2 

66       1907 
(2) 

70.6 

19.6      : 

72 

70 

75 

i   .81 

5 

:9.6 

i 

m 

29 

IX'       1912 
lion  1 

7     16     5     1 

:      5.5 

March 

I             29-866 

81.5 

96       1908 
Apr  7 

91.7 

65       1910 
Apr  5 

71.3 

20.4      : 

72 

70 

72 

:    .76 

2 

:10.4 

Sff 

30 

*f       1912 
Apr  6 

5     22     4     0 

•      5.4 

April 

i              29.854 

81.7 

97       1912 
(2) 

90.6 

64       1907 
(2) 

72.7 

17.9     i 

74 

72 

76 

■  2.58 

8 

i   8.6 

i 

■ 

26 

N.       1908 
May  28 

2     17     11  5 

:      6.7 

May 

i             29.843 

80.5 

96       1907 

June  6 

87.7 

69'     1910 
(2) 

73.4 

14.3      i 

75 

74 

85 

■8.9a 

20 

■   6.2 

l 

n 

27 

sB       1910 
June  15 

0     10     21  16 

'      8.0 

June 

i              29.843 

79.9 

95       1907 
July  23 

86.8 

70       1907 
July  17 

73.0 

13.8      ■ 

75 

75 

87 

.8.15 

20 

i  5.8 
I 

■ 

34 

S.       1912    . 
July  10 1 

0        8     22  16 

3.2 

July 

i              29.837 

80.2 

95       1907 
(2) 

87.6 

67       1910 
(2) 

72.9 

14.7      l 

75 

74 

86 

i7.97 

21 

I  6.9 

t 

IB 

69 

S.       1909   : 
Aug.   19: 

2     12     17  16 

7.3 

August 

1             29.836 

80.0 

94       1906 
(2) 

87.4 

69       1908 
(2) 

72.7 

14.7     : 

75 

74 

86 

17.57 

20 

■  6.3 

i 

BH 

31 

NE       1910   : 
Sep.   23: 

1     13     17  22 

7.4 

Sept. 

i              29 .828 

79.8 

93       1907 

Oct  16 

86.9 

68       1911 
Oct  19 

72.8 

14.1     i 

75 

74 

87 

:7.69 

19 

i  6.0 

:» 

31 

VE       1912    i 
Oct.  3   : 

1     14     15  19! 

7.2 

October 

i               29.842 

79.2 

95       1911 
Hot  27 

86.2 

68       1906 
Not     6 

72.2 

14.0      i 

75 

74 

68 

:10.77 

21 

I   6.4 

i 

» 

38 

31       1911    : 
Mot.   8    : 

1     13     17  17- 

7.2 

November 

i            29.833 

79.0 

94       1911 
Ceo  21 

85.9 

67       1906 
Sec.  3 

72.0 

13.9      I 

74 

74 

83 

:  10.46 

23^ 

>  6.3 

t 

Ktf 

26 

SB       1909   : 
Doc  30   i 

2     13     15  14; 

7.0 

December 

i            29.837 

79.9 

94       1911 

86.2 

66       1909 

71.6 

16.6      : 

74 

73 

83 

:   4.22 

16 

1    7.3 

H* 

24 

NW        1909    : 

6     15     10     5' 

6.1 

Apr.  7 

Jan  27 

l 

July  10: 

Year 

t            29.846 

80.2 

97       1912 

88.2 

63       1910 

72.2 

16.0      i 

74.1 

73.0 

62.4 

-.70.90 

182 

i   7.4 

NW. 

59 

3.        1909    : 

37   171   157   134 

6.8 

(1)     Mean  of  bl-hourly  values. 


(2)      Other  dates  also. 


TABLE  14. 

MONTHLY  1ETS0R0LOCICAL  DATA OULEBRA,  C.  Z. 


Atmospheric 
■  Pressure  - 
i   Inches  -  Sea 

Air 

Temperature  -  Dors.  F. 

■Mean 
•Wet 

tTher- 

Mean 

Temp. 

dew 

Mean 

Rel 

Euni- 

Precipitation 
-Inc  nee- 

Win 

d 

iluiiber  of  Da 

1*9 

:  Average 

: 
: 

I  lean 

Llean 

Mean 

:  Average 
!  Ho-.u-ly 

Prev. 

>*a2:iTTTum 
Ml. 

I'eloc  ity 

Cl- 
ear 

Pt.     C 

Cl-     1 

Th- 
un- 

:   Cloudi- 

;:opth 

Monthly 

Dumber 

:   ness  - 

:  Level  -  liontb- 

(Monthly 

Dally 

Dally 

Dally 

imome- 

point 

dlty 

llean 

BAlny 

:  liov. 

Dir. 

per 

ou-     d 

dir- 

:    Tenths 

.  1-  I'jesn 

:     I'ean 

I  '.ax .     Date 

L*ax. 

".'.in.     Date     :in. 

Range 

iter 

(1) 

(S) 

Days 

l (5  yre) 

hr. 

Dlr 

Date 

dy.     7 

Storm 

:    of  Sky 

. 

Jan.  8 

Jan  31 

Jaxy  31 

jassary 

29.872 

:     77.« 

: 

90  1912(2] 
Feb  10 

65.7 

60       1907     69.7 
Feb.  9 

16.0 

1  72 

70 

80 

1.74 

9 

:     8.4 

I* 

30 

.N 

1910 
1910  a 

9 

18        4 

1 

:     4.9 
i 

February! 

29.887 

:     77.5 

91  1912 
Moh  30 

66.3 

59       1907     69.0 
Moh  30 

17.3 

71 

69 

78     I 

.57 

7 

i     3.3 

:w 

35 

1 

1911 
)fch  4     i 

7 

17       4 

1 

5.0 

March 

29.678 

:     78.5 

93  1909 
Apr  17 

87.6 

61     1907(2)69.7 
Apr  1 

17.9 

71 

69 

76     J 

.68 

4 

I     9.8 

IW 

35 

ii 

1912       : 

1S09  4   ! 

10 

15       6 

0 

4.7 

April       i 

29.866 

•     79.7 

96  1912 
May  5 
96  1912 

68.6 

62     1907       71.0 
■    May  27 

17.6 

73 

71 

78     « 

3.67 

9 

1     9.1 

::.7 

31 

-V 

1911        1 
May  25   : 

3 

16     11 

3 

6.3 

Kay 

29.851 

I     79.4 

86.6 

69  1907  (2).  T&  .2 

14.4 

74 

73 

66     t 

11.18 

21 

t     £.0 

W 

28 

as 

1909       I 

0 

12     19 

17 

7.7 

June  29 

June  11  i 

June 

29.349 

»     79.1 

92  1910(2) 

85.9 

67  1907         72.2 

13.7 

74 

74 

88     I 

8.87 

2° 

I     5.0 

ill 

31 

s 

1913       i 

a 

8     22 

20 

8.1 

July 

August 

Sept. 

Oct. 

Nov. 

29.849 
29.B4E 
29 .837 
29.849 
29.841 

i     79.0 
t     79.0 
i     78.3 
i     78.3 
I     77.8 

July  20 

92  1911 

Aug  8 

92  1912(2) 

Sep  17 

91  1909(2) 
Oct  16 

92  1911 
EOT  10 

90  1908 

85.8 
86.0 
85.9 
85.2 
64.0 

July  21 

67  1909(2)  72.1 
Aug  4 

68  1908(2)   72.0 
Sep  24 

67  1912         71.8 
Oct  26 

66  1908         71.4 
Eov  28 

67  1907          71.6 
Dec  11 

13.7 
14.0 
14.1 
13.8 

12.4 

74 
74 
74 
73 
73 

73 
74 
73 
73 
73 

88  : 

89  i 

88  l 

89  ) 

90  s 

9.34 
10.54 
11.20 
11.32 
12.26 

23 
24 
23 
24 
25 

I      6.4 
i     5.8 
:     5.3 
t     4.9 
t      6.1 

m 

17,7 
B9 

:» 

IV 

39 
40 
32 
35 
40 

II 

ITS 

K3 

2 

NS 

July  20  i 

1910 
Aug  27     : 

1913       : 
Sep  23     : 

1912  i 
Oct.  3     : 

1911        : 
Nov  19     : 

1913  : 
Deo  28     : 

0 

i 

0 
0 

0 

9     22 

10     20 

12     18 

10     21 

8     22 

20 
21 

19 
19 
12 

e.o 

7.8 
7.7 

7.9 
8.0 

_ 

i     78.0 

92  1911 

85.3 

64  1908          70.7 

14.6 

73 

72 

86     : 

7.41 

16 

■     7.8 

!» 

27 

1IB 

1911        : 

5 

16      1C 

151    179 

_4 

137        : 

J5..1 

.B60'  - — i 
Year 

29  .856 

I     78.6 

May  5 
96  1912 

86.1 

FES  9 
59  1907         71.1 

15.0 

73.0 

72.1 

84.6: 

88.78 

207 

I      7.0 

Br 

40 

n 

Nov  19     : 
1913       i 

35 

6.3 

(1)   Mean   of  M-hourly  values. 


(2)    Other  dates  also. 


TABLE  15. 

I'OITTEIY  ICTEOROlOGrCAl  DATA  —  COLON,  R.  P. 
BASED  a:  ALL  AVAILABLE  RECORDS  (6  YH'iHS)  -  1908  -  1913. 


.  Atnospherto 
i  Pressure  - 
i   Inches  -  Sea 

i     Monthly 

-  Dees.  F. 

:  I  lean 
:.:et 

:Ther- 
imorae- 

I'ean 
Tenp- 
Dew 
Point 

I'ean 

Rel. 
Humi- 
dity 

:Precipitat.lon 
:    (Inches) 

~  i 

n  d 

ber  of 

Day 

3 

average 

llean 
Daily 

.lean 
Daily 

I'ean 
Daily 

Average 

Hourly 

Telo- 

Prev.. 

Maximum  Velocity 
111  pr 

.   Cl- 
s  ear 

Clo- 
udy 

c 

1 

d 

Thunder 

Storms 

Cloudiness- 

HOl'TH 

:Lonth- 

'  iy 

ITumber 
Rainy 

is  si3xs  c-C 

VflT 

.     Date 

1>X. 

lOn. 

Date 

.'dn. 

Ran-»e 

:ter. 

U) 

:  Uean 

Days. 

city 

Dlr. 

hour 

Dil 

.     Date 

y 

Jan  22 

Jan  24 

j 

Jan  23 

January 

I         29.883 

79.3 

88 

1912 
Feb  27 

82.7 

70 

1909(2) 
Feb.  3 

75.9 

6.8 

<     74 

73 

80 

I  4.03 

: 

16       i 

13.6 

MB 

32 

!! 

1909(2) 
Feb  14 

9 

18 

4 

1 

4.8 

February 

I         29.895 

79.2 

88 

1912 
Kch  29 

82.5 

71. 

1910(2) 
Koh.  2 

75.9 

6.6 

:     74 

72 

80 

>  1.48 

15       i 

14.9 

N-HE 

36 

HE 

1910 
D>h  17 

9 

15 

3 

0 

4.8 

liarch 

29.892 

79.8 

88 

1912 
Apr  20 

83.2 

67 

1910 
Apr  14 

76.4 

6.8 

i     74 

: 

72 

77 

i  1.65 

i 

16       I 

15.0 

H 

36 

SB 

1913 

Apr  24 

13 

16 

Z 

0 

4.3 

April 

29.875 

60.5 

90 

1912 
ray    5 

84.0 

72 

1909 
Eay  15 

76.9 

7.1 

:     75 

73 

80 

i  4.05 
1 

16       > 

13.4 

S 

33 

i'.d 

1912 
Kay  19 

8 

16 

6 

2 

5.2 

I&y 

29.860 

79.8 

91 

1912 
June  3 

84.3 

71 

1908(2) 
Junel7 

75.1 

9.2 

•      76 

75 

86 

112.65 
: 

23       t 

7.8 

y 

36 

i: 

1908 
June  1 

- 

16 

13 

13 

6.9 

June 

I         29 .856 

79.4 

i 

79.4 

92 

1909 
July  27 

84.2 

70 

1909 
July  16 

74.8 

9.4 

:      76 

: 

75 

87 

•13.32 

24       l 

6.6 

SE 

33 

3B 

1909 
July  16 

15 

13 

18 

7.0 

July 

29.860. 

89 

1912 
Aug  9 

83.5 

70 

1908(2) 
Aug  8 

75.3 

8.2 

:     76 

: 

75 

87 

:16.35 

: 

25       » 

8.5 

H-S2 

40 

a 

1908 
Aug  7 

2 

15 

14 

17 

7.1 

August 

I         29 .851 

79.3 

89 

1912 
Sep  10 
1908(2) 
Oct  6 

83.6 

71 

1909 
Sep  12 

75.0 

8.6 

:     76 
: 

75 

87 

115.08 

25       « 

7.8 

S3-JJ 

30 

s 

1908 
Sep  2 

2 

17 

12 

16 

6.9 

Sept. 

1         29.841 

79.5 

90 

84.4 

71 

1909(2) 
Oct  26 

74.6 

9.8 

I     76 

t 

75 

87 

:12.47 

24       t 

6.9 

SE 

37 

B 

1912 
Oct  23 

3 

13 

14 

17 

6.7 

Oot. 

"29.649 

79.0 

90 

1908(2) 
Nov  27 

84.1 

70 

1908(2) 
Eov  29 

73.9 

10.2 

i     75 

: 

74 

87 

:14.36 

.24       : 

7.0 

SE 

38 

HI 

1912 
Nov  22 

3 

15 

13 

14 

6.8 

Nov. 

;'        29.846 

78.1 

89 

1911 

82.3 

69 

1909 
Deo  3 

74.0 

8.3 

:     75 

74 

89 

121.74 

: 

26       i 

8.8 

J 

39 

Siil 

1909 
Dec  3 

1 

13 

16 

10 

7.6 

i       79.0 

89 

1911 

82.6 

66 

1909 

75.2 

7.6 

i     75 

74 

85 

112.18 

23        i 

11.3 

N 

38 

II 

1910 

7 

16 

8 

4 

5.8 

<ffi 

June  3 
1909 

83.6 

66 

Deo  3 
1909 

75.2nfiCT/'rV-7Ei/3/  **v»  l\Aitorr*.ari&(3l± 

10.1 

N 

40 

s 

July  16 
1908 

61 

186 

118 

112         i 

,6-? 

(1)     Mean  of  bi-hourly  values. 


(2)      Other  dates  also. 


TABLE  18. 

THE  PA3AJIA  CABAL 
FOGS  ALOKG  THE   CAHAL  PRISM,    YEAR  1910. 


ADO  Oil 

PEDRO  MIGUEL 

CULEBRA 

BAS   OBISPO 

BOH10 

GATDH 

CRISTOBAL 

1-leac   t  ime 

Meazi  time 

Mean  time 

Mean   time 

Mean  time 

Mean  time 

Mean  time 

Irora 

com- 

Dura- 

com- 

Dura- 

com- 

Dura- 

com- 

Dura- 

com- 

Dura- 

com- 

Dura- 

com- 

Months 

to. 

tion 
H.m 

menced 

Ho. 

tion 
H.m. 

menced 

Ho. 

tion 
H.m. 

menced 

10. 

tion 
B.m. 

menced 

Ho. 

tion 
H.m. 

menced 

Ho. 

tion 
H.n. 

menced 

Ho. 

tion 
H.n. 

menced 

Jan'ry 

1 

5:00 

3:30  am 

— 



__ 

7 

33:10 

1:38  an 

9 

37:30 

1:43  am 

13 

62:00 

2:45  am 

7 

17:45 

3:13  am 

__ 



Feb'ry 

- 

— 

— 

— 

— 

— 

5 

12:00 

4:16   an 

4 

11:30 

4:30  an 

4 

15:00 

2:38  am 

1 

1:30 

2:30  an 

— 



— 

March 

- 

~ 

-- 

2 

3:16 

4:30  am 

9 

19:16 

3:16   am 

8 

38:30 

2:30  am 

5 

20:10 

3:18  am 

1 

4:00 

Midnight 

'  — 



April 

- 

— 

-- 

4 

7:05 

3:10  am 

10 

25:35 

2:52  am 

13 

66:10 

1:34  am 

9 

23:60 

4:00  an 

3 

21:30 

Midnight 

2 

7:65 

3:87  am 

U  a  y 

- 

— 

— 

8 

24:15 

3:49  am 

23 

109:35 

2:36  am 

29 

117:16 

1:48  am 

19 

69:25 

3:19  an 

4 

10:35 

2:41   an 

2 

6:46 

3:22  am 

June 

- 

— 

— 

11 

30:25 

3:44  an 

17 

107:00 

12:37  am 

24 

132:25 

12:41  an 

26 

141:20 

12:69   an 

11 

28:63 

3:10  an 

— 

-__ 



July 

- 

— 

— 

9 

33:35 

3:17  am 

25 

148:00 

1:10  am 

10 

45:30 

1:45  an 

24 

104:20 

2:20  an 

13 

61:20 

2:33  an 

-- 



— 

Aug-UBt 

1 

7:00 

3:30  am 

e 

16:10 

4:28  am 

22 

122:45 

11:47  pm 

23 

93:05 

2:02  an 

24 

152:30 

12:46  an 

11 

32:39 

2:11  an 

1 

7:00 

3:30  am 

Sept. 

1 

1:30 

5:00  an 

22 

71:16 

2:14  am 

23 

160:40 

10:35  pm 

26 

132:26 

1:34  an 

24 

171:05 

11:62  pn 

19 

51:35 

1:08  an 

__ 



... 

Oct. 

1 

1:30 

6:00  am 

ze 

106:45 

1:36   am 

22 

159:60 

10:43  pm 

26 

127:00 

12:20  am 

24 

177:50 

11:17  pn 

15 

61:45 

2:06  an 





Hot. 

a 

4:00 

5:20  am 

25 

119:45 

1:00  am 

15 

91:45 

1:04  am 

16 

59:05 

2:36am 

20 

115:00 

12:15  an 

10 

25:45 

2:16  am 

1 

3:30 

4:00  am 

Deo. 

j. 

2:00 

4:30  an 

If 

69:56 

1:19   am 

19 

118:45 

12:24    am 

13 

43:00 

26 

158:00 

11 :  35  pn 

8 

26:50 

2:07  am 

__ 





Total 

-  a 

21:00 



130 

471:25 



197 

1108:20 

201 

893:25 

217   li 

103 

324 :  07 

6 

25:10 

I'ean 

■ 

2:38 

4:38  am 

3:38 

2:56  am 

5:37 

1:15   am 

4:27 

2:00  am 

5:35 

1:36  an 

3:09 

1:55  am 

4:12 

3:35  am 

FERCEHTAGE  OP  FOG  DISSIPATED 

AKCOB 

PEDRO  MIGUEL 

CULEBRA 

BAS      OBISPO 

BOHIO 

GATUH 

CRISTOBAL 

Before  6:30  am 
Before   7:30  em 
3efore   8:30  am 

50 
100 

100 

67 

98 

100 

41 
75 

98 

56 
90 
95 

45 

88 

100 

65 

99 

100 

17 

H 
100 

AS  hourly  Vel    9  + 
A<  hours  ofca/m     I 


Average  Dm  and  Rmny  Season  Wind 

6  Years  Recoup-  IS08-I3/S,  Imc'l 
Dky  S£aso* 

(  January  to   April  ) 

Cu  le  bra 

.  i  a  •/„ 

7S% 

Z'l. 


Poses 


fir  hourly    Ye/     8.6 
Ar   hours  of  calm    7 


S.4>n 
A*  hourl,    re/.     I+.Z 
Au  /tours  of  calm    O 


Ancon 


Rainy  d£AS0M 
(May   fa  December) 

Cule.  bra 


J±>&* 


Colon 


Ar  hourlf     Ye  I      64 
Ar  hours  of  calm    8 


f\r  hourly  Vet    S.6 

A"  hours  ofialm  SI 


I II  mi. 


Ay  hourly    Ye/.   8.1 
A  V.  hours  of  ca/rn    6 


Bl-U 
S.I  mi 


Abtc- 

Fad/ol  fcnafhs   front    foci    within   shot/eel  areas repre sent  percentage 
cf  hcurs    from    any  di rection  -  Scale     Z  inches  *    lOO^/o 
l?aJi.il  lenqths    from    feci    wthm      Hank     areas     represent    orerBo^ 
hourly    Ye/ocihes      for    correspond, no   time       Scale    Z  inches  =  Sum 
of  are  race  reloc  if/es 


Fig.  9. 


Digitized  by  Microsoft® 


TABLE  21 

JUS  PANANA  CAJfAl 

MOHTKIY  EVAPORATIOK         ORIS  - 

CANAL  ZCME 

VALUI 

:  in  inches. 

Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 
BA5 

July 
OBISPO 

Aug. 

gept. 

Oct. 

Hot. 

Sec. 

Year 

1907 

S.175 

5.072 

6.538 

6.486 

4.6S1 

3.125 

3.152 

3.582 

3.358 

2.938 

3.599 

4.896 

52.602 

1908 

5.617 

5.729 

6.290 

5.475 

3.175 

3.415 

3.250 

3.425 

3.635 

3.875 

2.730 

3.445 

50.061 

Avorage 

5.396 

5.400 

6.414 

5.980 

3.928 

3.270 

3.201 

3.504 

3.496 

3.406 

3.164 

4.170 

51 .329 

I  years 

A1IC0M 

1908 

3.348 

6.5S7 

6.997 

5.921 

3.219 

3.046 

3.017 

3.203 

3.049 

3.256 

2.414 

2.942 

46.969 

1909 

3.348 

3.728 

4.931 

3.883 

2.451 

1.916 

2.080 

2.271 

2.484 

2.826 

2.332 

3.020 

35.270 

1910 

4.354 

5.350 

6.190 

4.379 

3.378 

2.666 

2.740 

2.866 

3.078 

3.436 

3.132 

3.528 

45.097 

1911 

6.024 

4.530 

6.465 

4.163 

2.949 

2.812 

3.869 

3.117 

3.595 

3.595 

3.181 

5.300 

49.620 

1912 

7.370 

6.755 

7.795 

5.721 

3.746 

3.098 

3.386 

3.648 

3.395 

3.458 

3.723 

5.333 

57 .428 

1911 

5.935 

6.439 

7.816 

6.465 

3.963 

3.615 

3.858 

3.908 

4.006 

4.169 

3.379 

4.700 

58.253 

Average 

5.063 

5.560 

6.702 

5.oe9 

3.284 

2.859 

3.158 

3.169 

3.268 

3.457 

3.027 

4.137 

48.773 

6  years 

RIO 

GRANDE 

1909 

5.960 

4.205 

3.417 

3.117 

3.353 

3.768 

3.094 

2.713 

2.993 

1910 

4.612 

5.529 

6.003 

3.986 

3.916 

2.654 

2.846 

3.096 

3.677 

3.577 

2.999 

3.442 

46.337 

1911 

5.940 

4.912 

7.462 

5.139 

4.015 

3.646 

4.989 

4.564 

4.096 

3.924 

3.055 

6.344 

57.086 

1912 

6.363 

6.134 

7.099 

6.732 

5.350 

3.836 

3.908 

3.983 

3.335 

3.763 

3.275 

4.723 

59.501 

■1913 

5.332 

5.844 

6.762 

6.436 

4.033 

3.812 

3.963 

3.901 

3.783 

3.758 

2.741 

4.525 

54.950 

1914 

5.520 

5.965 

7.062 

6.413 

4.870 

3.733 

5.094 

4.520 

Station 

closed. 

Average 

5.565 

5.677 

6.878 

5.651 

4.304 

3.473 

3.765 

3.779 

3.732 

3.623 

2.957 

4.205 

53.609 

5  years 

BRAZOS 

1909 

5.366 

4.597 

3.806 

3.042 

3.760 

4.169 

4.168 

2.158 

2.379, 

1910 

4.622 

4.668 

6.151 

5.025 

4.304 

3.516 

3.014 

3.189 

3.804 

4.177 

2. 718 

2.746 

47.934 

191V 

6.293 

5.115 

6.872 

4.939 

3.280 

2.917 

4.358 

4.066 

4.101 

3.937 

3.364 

5.176 

54.428 

1912 

6.066 

5.572 

7.081 

7.321 

6.707 

3.729 

4.425 

4.611 

4.487 

3.970 

3.100 

4.860 

60.929 

1913 

6.397 

6.616 

8.455 

7.466 

4.167 

4.500 

4.277 

4.248 

4.934 

4.343 

3.071 

4.747 

63.211 

1914 

6.331 

6.456 

7.769 

Station 

closed. 

Average 

5.940 

5.685 

7.266 

6.023 

4.413 

3.694 

3.823 

3.975 

4.299 

4.119 

2.881 

3.982 

56.100 

5  years 

GAOTM 

1911 

2.799 

4.560 

4.407 

4.583 

3.609 

2.691 

5.376 

1912 

7.208 

6.046 

7.649 

7.394 

5.335 

3.263 

3.989 

4.316 

3.799 

■  4.123 

3.351 

4.809 

61.184 

1913 

5.435 

6.889 

8.602 

7.333 

4.606 

5.083. 

4.664 

4.570 

4.934 

4.844 

3.560 

4.291 

64.811 

1914 

4.821 

6.298 

7.504 

6.668 

5.262 

4.553 

5.520 

4.664 

4.074 

4.233 

4.180 

5.083 

62.905 

Average 

5.821 

6.412 

7.918 

7.138 

5.068 

3.715 

4.371 

4.431 

4.439 

4.192 

3.197 

4.825 

61.527 

3  years 

C010S 

1908 

4.868 

7.958 

7.557 

6.930 

2.570 

3.184 

2.822 

3.192 

3.327 

3.324 

2.700 

4.056 

52.498 

1909 

4.868 

E.353 

6.445 

6.468 

3.866 

2.498 

2.445 

2.636 

2.727 

3.027 

1.950 

2.746 

45.031 

1910 

E.257 

4.574 

6.500 

5.209 

3.493 

2.703 

2.359 

2.852 

2.791 

3.343 

2.817 

3.732 

45.630 

1911 

8.165 

7.104 

9.085 

E.399 

3.296 

2.950 

1912 

6.055 

4.842 

3.162 

3.512 

3.639 

3.787 

3.812 

3.558 

4.860 

1913 

5.993 

5.915 

7.702 

7.179 

3.731 

3.414 

3.370 

3.129 

3.555 

3.328 

3.000 

4.626 

54.942 

1914 

6.125 

5.B79 

5.974 
6.146 

6.519 

5.643 

4.020 

3.394 

4.400 

3.725 

3.469 

3.605 

3.856 

5.044 

55.774 

Average 

7.301 

6.207 

3.633 

2.985 

2.902 

3.090 

3.237 

3.367 

2.805 

4.004 

51.556 

5-1/2  Yre. 

Kote. 


Insulated  fanke  10  inches  in  diameter  at  Ancon  and  Colon.    Water  surface  protected  from  sun  and  rain. 
Exposed     concrete  tank  12-1/2  feet  in  diameter  at  Bas  Obispo. 

Exposed  pans  4  feet  in  diameter  and  10  inches  deep  floating  in  water  at  Rio  Grande,  Brazos  Brook  and  Gatun. 
Cater  surface  4  inches  below  top  of  pan. 
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The  means  and  extremes  in  atmospheric  pressure  at  the 
various  stations  are  presented  in  the  following  table: 


Sea  Level   Pressure — Inches 


Annual 
Stations  Means 

Alhajuela*    29.830 

Ancon     29.846 

Oulebra     29.856 

Colon    29.864 


Maximum 
30.044 
30.020 
30.021 
30.029 


Date 
Feb.   1900 
Feb.   17,   1906 
Mar.  18,    1910 
Feb.  23,   1911 


Minimum 
29.604 
29.628 
29.642 
29.654 


Date 
Apr.   1903 
Deo.   19,   1911 
Dec.    19,    1911 
Dec.   19,   1911 


Year 

1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 


1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 


TABLE  20. 

THE  PANAMA  CANAI. 

AVERAGE  MONTHLY  ATMOSPHERIC  PRESSURE  -  INCHES 

Readinga  roduced  to  sea  level  and  corrected  fcr 
Temperature,  Instrumental  Errors,  and  Latitude 
Mean  of  8  A.M.  and  8  P.M.  Readings 

ANCON  -  Pacific  Coast  (1) 
Jan.  Feb.  Uar.  Apr.  May   June  July  Aug.  Sep.  Pot,  gov.  Deo.  Annual 


.645 
.887 


.900 
.918 


.885 
.886 


.850 
.890 


.878  .876  .864  .846 
.853  .866  .621  .862 
.864   .872  .684  .844 


.858  .350  .905 
.836  .858  .844 
.844  .870  .847 


.827 
.865 
.846 


.871  .852  .652  .830 


.840  .845   .830 

.846  .836  .839 

.854  .858 

.647  .854 

.864  .844 

.835  .634 

.828  .837 

.838  .828 

.806  .608 


.645  .640 
.839   .622 


.861 
.854 
.850 
.819 
.823 
.830 
.794 


.850 
.862 
.842 
.806 

.824 


.846 
.844 
.836 
.806 
.622 


.816  .814 
.802  .820 


.860 
.852 
.846 
.838 
.852 
.628 
.830 
.836 
.854 


.836 
.342 
.848 
.845 


865  29.865 

826  29.657 

842  29.856 

842  29.849 

830  .856  29.853 

824  .789  29.832 

.616  29.835 

.840  29.834 

.618  29.830 


.831 


.849 


CULEBHA  -  Continental  Divide  •  (2) 


.330  .920  .390 

.895  .900  .e83 

.876  .664  .840     .877 

.878  .886  .900     .656     .874 

.869  .861  .919     .838      .839 


900     .860     .840  .640 

864     .864     .866  .676 

853     .862  .867 

852  .856 

836  .629 


.850 
.669 
.868 
.850 
.816 


.630  .860 

.864  .857 

.846  .846      .854 

.844  .658 

.817  .837      .830 


650     .640.  29.860 

862     .859  29.872 

854  29.661 

838      .665  29.663 

802  29.841 


.851     .674     .854     .674     .640      .848      .832     .836  .834     .844     .642     .828     29.846 

.856     .867'    .863     .856     .850     .837      .844      .828  .822     .844     .813     .850     29.646 

.876     .869     .878     .856      .834     .828      .821      .830  Station  closed. 

COLOH  -  Atlantic  Coast 


1908 
1909 
1910 
1911 
1912 
1913 
1914 


.902  .908   .893  .871  .862   .862 


.872 
.875 


.866   .856   .846   .860 


.874  .890   .844  .881  .852  .858  .864  .666  .845  .842  .848 


.867   .897  .910 
.887  .876  .935 


.666 

.653 


.878 
,647 


.853  .861  .856  .846 
.848   .842  .825   .822 


.856  .644 
.844  .840 


.692   .682  .897   .854  .860  .852   .846  .840   .846  .850 


.908  .890  .884  .870  .654  .868  .846 


.656   .831 


.907  .890  .898  .869  .643  .835   .834  .839   .834  .854   .850 

(1)  Station  moved  to  Balboa  Heights  on  October  1,  1914. 

(2)  Bas  Obispo  records  from  January  1907  to  May  1909. 

(3)  Base  number  29.00  inches. 


.856  29.872 
.861  29.661 
.877  29.869 
.814  29.853 
.845  29.861 
29.666 
29.856 


.876 
.822 


*  French  records  for  years  1900  to  1904.  Note  extremes  at  Alhajuela 
are  from  hourly  readings,  while  extremes  at  remaining  stations  are  taken 
from  8  A.  M.  and  8  P.  M.  observations. 
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Evaporation. 

Evaporation  is  the  process  by  which  aqueous  vapor  is 
taken  up  from  water  surfaces  and  returned  to  the  atmosphere. 
The  water  vapor  in  the  air  is  derived  primarily  from  the  large 
ocean  areas.  It  is  carried  about  and  distributed  over  the  earth's 
surface  by  the  prevailing  winds.  Condensation  and  precipita- 
tion complete  the  "meteorological  cycle",  and  return  the  water 
to  the  earth's  surface  again,  in  the  form  of  rain  or  snow. 

The  laws  of  evaporation  are  complex  and  not  thoroughly 
understood,  but  the  principal  factors  influencing  the  rate  of 
evaporation  are  wind  movement,  temperature  and  vapor  pres- 
sure. In  a  region  of  equable  temperature  conditions,  such  as 
prevail  in  the  Canal  Zone,  wind  movement  and  vapor  pressure 
are  of  paramount  importance  in  affecting  the  rate  of  evap- 
oration. 

As  the  success  of  the  lock  type  of  Canal  depends  largely 
upon  an  adequate  water  supply,  it  will  be  seen  that  the  rate 
of  evaporation  from  the  surface  of  Gatun  Lake,  especially  dur- 
ing the  dry  season,  has  an  important  bearing  on  the  success- 
ful operation  of  the  Canal.  In  recent  years  valuable  evapora- 
tion data  have  been  collected  at  stations  located  at  Bas  Obispo, 
Rio  Grande  and  Brazos  Brook  reservoirs  and  on  Gatun  Lake, 
and  from  rain-sheltered  insulated  tanks  at  Ancon  and  Cris- 
tobal. These  records  are  discussed  below. 
Equipment. 

The  equipment  at  each  station  consists  of  a  copper  pan 
four  feet  in  diameter  and  ten  inches  deep,  floating  in  an  open 
section  of  the  lake  or  reservoir.  An  anemometer  for  record- 
ing the  wind  movement,  a  thermometer  for  registering  the 
water  temperature,  and  a  rain  gage  complete  the  instrumental 
equipment.  The  evaporation  pan  is  protected  from  wave  ac- 
tion by  a  light  wooden  frame  properly  buoyed.  In  locating 
these  evaporation  stations,  the  aim  has  been  to  obtain  condi- 
tions within  and  surrounding  the  pan  as  nearly  as  possible 
approximating  the  conditions  that  prevail  over  the  lake  sur- 
face. The  water  level  in  the  pans  is  maintained  at  approxi- 
mately 4  inches  below  the  top.  Readings  are  taken  daily,  due 
allowance  being  made  for  any  rainfall  that  may  have  occurred 
since  the  previous  reading. 
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Records.  The  rate  of  evaporation  is  much  higher  during 
the  dry  season  than  in  the  rainy  season.  Weather  conditions 
in  the  dry  season  favor  a  high  rate  of  evaporation.  The  high 
wind  movement,  low  humidity  and  vapor  pressure,  light  cloudi- 
ness and  high  daytime  temperature,  all  tend  to  accelerate  the 
rate  of  evaporation.    The  quantity  of  water  lost  from  the  sur- 


Fig.  16.     Evaporation  Fan,   Gatnn,    1914. 

face  of  Gatun  Lake  by  evaporation  during  the  four  dry  season 
months  is  nearly  as  great  as  the  quantity  lost  during  the  eight 
months  of  the  rainy  season.  Fig.  17  shows  the  relation  between 
the  rainfall  and  evaporation  over  the  surface  of  Gatun  Lake, 
while  Table  21  gives  the  monthly  evaporation  records  at  the 
various  stations.  It  will  be  noted  that  the  total  evaporation 
for  the  year  usually  ranges  between  50  inches  and  60  inches. 
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TABLE  22. 

Comnar 

THE  PAHAIM   nivij 

BVAPOBATIOU  IS  0AK/.T.   ZnVY 

ative  Tallinn  fnr  Bay  anrl   W 

Value 

In  Inches. 

19  0 

a* 

s          19-0  9 

Month 

!               A 

neon 

i     Bas  Obisno 

i  Dav 

i  Ri«ht 

:  Dav 

iKWnt 

Dnv 

i  Day 

;  1,7551 
1    2.1341 

Si)4it 

1.593 
1.594 

:  Day 

I    2.354 
:    2.916 

:  Sight 

:  2.114 
:  2.437 

January 

:   5.062 

i  1.495 

:  3.605 

February 

:   2.124 

4.200 

3.756 

l!arch 

:    5.566 

:   1.431 

!  3.919 

I    2.371 

4.402 

1  3.155 

:  2.693: 

2.236 
1.775 

:  3.660 

:  2.785 

April 

1  4.401 

t  1.517 

I  3.630 

I   1.S45 

1  3.999 

1  2.931 

1  2.103: 

1  3.594 

i  2.873 

Key 

1   2.001 

1    1.216 

1  1.715 

1   1.460     ' 

1.706 

:  0.864 

:   1.317: 

1.134 

:  £.268 

1  1.600 

June 

1   2.034 

1   1.012 

I  1.955 

1  1.460 

1.878 

t  1.306 

:   0.941: 

0.975 

:  1.332 

1  1.166 

July 

:   1.900 

I  1.117 

I   1.670 

1  1.680 

1.584 

.   1.238 

:  1.078: 

1.002 

:  1.252 

:  1.193 

.August 

I  2.175 

■  1.023 

I  1.702 

1  1.723 

1.965 

1   1.207 

:  1.24ft 

1.030 

1  1.467 

:   1.169 

September 

I  1.924 

I  1.125 

!   8.178 

I   1.457 

2.096 

•  1.231 

:  1.425: 

1.059 

i  1.706 

:  1.021 

Octobor 

:  2.051 

!  1.205 

I   2.467 

1   1.406 

2.016 

1  1.303 

:  1.8621 

0.964 

i  1.784 

:  1.243 

November 

1   1.362 

I  1.052 

I   1.555 

:  1.175 

1.572 

1  1.128 

:  1.395: 

0.937 

:   1.129' 

:  0.B21, 

December 

I  1.337 

I   1.605 

I  2.040 

:  1.405 

2.252 

t  1.804 

i  1.7751 

1.245 

i  1.464 

:  1.262 

Total 

■29.816 

113.605 

126.436 

118 .008 

27.690 

119.930     s 

19.724  i 

15.546 

125.346 

119.664 

Per  cent 

1      68« 

:      32!? 

I     60i 

i     40$ 

sei 

1     42$        i 

56%     ■ 

44* 

1      56* 

1      10, 

'  11  months  1906. 
*•  Readings  talcen  at-8t00  A.lf.  and  8i00  P.M.  dally. 

Eirposed  concrete  tank  12-1/2  feet  in  diameter  at  Bas  Obispo 
Insulated  tanxs  10  inches  in  diameter  flt  Ancon  and  Cristobal. 

Comparative  records  of  the  night  and  day  evaporation  are 
presented  in  Table  22.  A  higher  rate  of  evaporation  prevails 
during  the  daytime  than  at  night.  About  60%  of  the  total 
evaporation  occurs  during  the  daytime  (8  A.  M.  to  8  P.  M.) 
and  40%  at  night. 

Three  floating  evaporation  pans  were  installed  on  Gatun 
Lake  in  May,  1911,  for  the  purpose  of  determining  the  rela- 


Fig.  17. 
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tive  rates  of  evaporation  over  the  open  sections  of  the  lake 
and  along  the  grass  and  timber  covered  margins.  One  pan 
was  anchored  south  of  the  Spillway,  well  out  in  the  open  sec- 
tion of  the  lake.  The  second  pan  was  located  in  the  timber 
fringe  bordering  the  south  shore  of  the  lake,  and  the  third  in 
the  middle  of  a  grassy  marsh  toward  the  south  shore.  Records 
were  continued  during  a  period  of  six  months.  The  evapora- 
tion from  the  pan  in  the  open  section  of  the  lake  was  found  to 
exceed  materially  the  evaporation  from  the  pan  located  along 
the  lake  margin.  The  differences  were  least  during  the  months 
of  heavy  rainfall  and  light  wind  movement,  and  greatest  dur- 
ing the  months  of  light  rainfall  and  stronger  winds.  The  aver- 
age evaporation  from  the  pan  located  in  the  fringe  of  timber 
bordering  the  lake  amounted  to  72%,  while  the  evaporation 
from  the  pan  in  the  marsh  was  75%  of  the  evaporation  from 
the  exposed  pan. 

The  higher  rate  of  evaporation  over  the  open  section  of 
the  lake  is  due  principally  to  greater  wind  movement,  which 
keeps  the  air  in  circulation  and  prevents  the  accumulation  of  a 
protecting  vapor  blanket  directly  overlying  the  water  surface, 
altho  the  freer  exposure  to  the  sun's  rays  is  a  factor  in  increas- 
ing the  rate  of  evaporation  from  open  sections  of  the  lake. 

The  monthly  records  from  each  of  these  stations  are  shown 
in  the  following  table : 

Gatun  Lake  Evaporation  Records. 


1911 


Station  No.  1  Station  No.  2         Station  No.  3 

WindMov.    Evapor.         WindMov.     Evapor.         WindMov.      Evapor. 
miles  inches  miles  inches  miles  inches 

...  3.9  2.12  1.5  1.75                 1.83 

June    3.9  2.80  1.0  2.41                 2.48 

July    5.9  4.56  1.5  3.28                 2.78 

August    4.7  4.41  0.9  3.07                 3.37 

September  ....  5.0  4.58  1.0  2.63                 3.13 

October  4.1  3.61  0.7  2.77                 3.00 

Means  4.6  3.68  1.1  2.65  2,76 

Note:    Station  No.  1 — Open  section  of  lake,  evaporation 100% 

"        No.  2 — Timber  fringe,  evaporation 72% 

"        No.  3 — Marsh,   evaporation   75% 

The  wind  movement  is  expressed  in  miles  per  hour.     In 
estimating  the  loss  of  water  from  Gatun  Lake  by  evaporation, 
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the  rate  of  evaporation  from  the  open  section  of  the  lake  is 
applied  to  the  whole  lake  area.    The  figures  are  probably  high, 
but  the  error  is  on  the  safe  side. 
Sea  Temperature. 

Continuous  automatic  records  of  the  surface  temperature 
of  the  sea  water  at  both  Canal  entrances  have  been  obtained 
since  January,  1908.  The  average  annual  sea  temperature  is 
about  82  degrees  P.  on  the  Atlantic  Coast,  and  80  degrees  F. 
on  the  Pacific  side.  In  general,  sea  temperatures  average 
higher  in  the  rainy  season  than  in  the  dry  season.  The  abso- 
lute range  on  the  Atlantic  Coast  is  small,  about  12  degrees  P., 
while  on  the  Pacific  side  the  range  is  relatively  large.  The 
highest  sea  temperature  recorded  at  Balboa  during  the  past 
seven  years  was  89  degrees  F.,  and  the  lowest  60  degrees  P., 
the  absolute  range  for  this  period  being  29  degrees  P. 

On  the  Pacific  Coast,  the  lowest  sea  temperatures  occur  in 
February  and  March,  and  the  highest  in  August  or  September. 
The  sudden  drop  in  sea  temperature  in  the  dry  season  is  due, 
in  part  at  least,  to  the  convective  ocean  currents  that  develop 
at  this  season  of  the  year  under  the  influence  of  the  fresh 
northerly  winds.  The  steady,  fresh,  off-shore  winds  blow  the 
warm  surface  water  out  to  sea,  while  the  return  deep-sea  cur- 
rent, that  completes  this  convective  circulation,  carries  the  cold 
water  from  lower  level  to  the  surface  close  inshore. 

The  means  and  extremes  in  sea  temperature  on  the  two 
coasts  are  presented  in  the  following  table: 

Annual 
Station  Maximum        Date  Minimum         Date  Mean 

Balboa    89         August,   1909  60        February,  1910        79.9 

Colon    87         Several  dates  75        Several  dates  81.9 

Temperatures  in  degrees  F. 

Miscellaneous  Phenomena. 

Thunderstorms.  Thunderstorms  occur  frequently  on  the 
Isthmus  during  the  rainy  season  months,  but  seldom  in  the 
dry  season.  The  average  number  of  thunder  storms  observed 
during  the  year,  is  about  135  in  the  interior  and  on  the  Pacific 
Coast,  and  115  on  the  Atlantic  side.  August  is  usually  the 
month  of  maximum  frequency,  with  an  average  of  about  20 
thunderstorms  during  the  month,  while  March  is  the  month  of 
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minimum  frequency,  with  practically  no  thunderstorms.  Most 
of  these  storms  occur  during  the  afternoon  hours,  few  at  night. 
Compared  with  conditions  over  the  eastern  half  of  the  United 
States,  thunderstorms  are  of  much  more  frequent  occurrence 
on  the  Isthmus,  though  not  particularly  more  severe  than 
storms  of  the  same  character  in  the  States.  In  the  United 
States  a  larger  percentage  of  the  thunderstorms  occur  at 
night. 

Hail.  Hail  has  been  observed  in  the  Canal  Zone  or  vicinity 
three  times  since  observations  were  begun  in  1906,  as  follows : 

Naos  Island,  June  15,  1912,  during  a  heavy  rain  squall ;  at 
Alhajuela  on  the  afternoon  of  May  28,  1910,  and  at  Cucaracha 
in  1908,  exact  date  unknown.  On  the  dates  mentioned,  the 
hail  stones  that  fell  were  small  and  melted  quickly,  and  in  no 
case  was  the  fall  excessive. 

The  phenomenon  is  unusual  in  a  low-lying  tropical  country, 
but  severe  hailstorms  are  experienced  frequently  at  high  alti- 
tudes in  mountainous  regions  within  the  tropics. 

Halos  and  Corona.  Lunar  halos  and  corona  are  observed 
occasionally  near  the  time  of  full  moon  when  light  conditions 
are  favorable.  Solar  halos  also  occur  at  times  when  the  sky 
is  overcast  with  a  thin  film  of  hazy  cloud.  But  few  solar 
corona  are  observed  in  this  region.  . 

Water  Spouts.  Water  spouts  have  been  observed  at  both 
Canal  entrances.  They  usually  precede  or  accompany  rain 
squalls.  The  spouts  observed  have  not  been  numerous,  and 
are  mentioned  only  as  interesting  meteorological  phenomena. 

TIDES. 

Pacific  Coast. 

Available  tide  records  at  or  near  the  Pacific  entrance  to 
the  Canal  cover  the  following  periods :  Naos  Island  1882-1887 
(French  records),  and  1906-1907  (American  records),  and  con- 
tinuous automatic  records  at  Balboa  from  July,  1907,  to 
January,  1915. 

The  average  tidal  range  on  the  Pacific  side  for  consecutive 
tides  is  about  12.5  ft.,  while  the  maximum  spring  range  occa- 
sionally exceeds  20  ft.  The  average  monthly  tide  levels  are 
highest  in  the  rainy  season,   October  or  November,   and  low- 
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est  in  the  dry  season,  February  or  March,  as  the  steady,  fresh, 
off-shore  winds,  during  the  dry  season,  tend  to  depress  the 
water  level. 

Table  23  shows  the  average  range  of  spring  and  mean 
tides,  and  the  average  tide  level  on  the  Pacific  Coast,  based  on 
5  years '  records. 
Atlantic  Coast. 

Tidal  records  at  Colon  cover  the  periods  from  1882-1887 
(French  records),  and  from  July,  1907,  to  January,  1915 
(American  records). 

Tidal  fluctuations  need  not  be  considered  in  navigating 
the  Atlantic  entrance  to  the  Canal,  as  the  average  tidal  range  is 
only  about  0.9  ft.,  and  the  extreme  range  approximately  2  ft. 
Typical  tide  curves  for  the  Atlantic  and  Pacific  Coasts  are 
shown  on  Fig.  18.  Assuming  the  correctness  of  the  precise 
levels  run  across  the  Isthmus  by  "Walhecht  &  Thomas,  mean  sea 
level  on  the  Pacific  Coast,  based  on  available  records,  is  approxi- 
mately 0.6  ft.  higher  than  mean  sea  level  on  the  Atlantic  side. 

The  tidal  extremes  of  record  at  Balboa  and  Colon  are 
given  below.  Table  revised  to  January  1,  1915,  elevations  re- 
ferred to  mean  sea  level : 


Max.  High  Water 

Extreme  Low  Water 

Max.  Daily  Range 

Min.  Daily  Range* 

Feet 

Date 

Feet 

Date 

Feet 

Date 

Feet 

Date 

Balboa  .... 
Colon 

11.2 
1.65 

Oct.  2, 1909 
Nov.  27, 1909 

10.6 
1.01 

Apr.  11, 1910 
June  9, 1910 

20.8 
2.17 

Apr.  11, 1910 
June  28, 1911 

5.1 
t 

Mar.  24, 1911 

SEISMOLOGY. 

The  Panama  Canal  is  located  outside  the  destructive  earth- 
quake belt,  but  it  lies  sufficiently  close  to  regions  of  violent 
seismic  activity,  in  Costa  Rica  and  Nicaragua,  to  render  the 
study  of  Isthmian  seismology  of  peculiar  interest  and  im- 
portance. 

Local  history  since  the  Spanish  settlement  of  the  country, 
and  the  state  of  preservation  of  certain  ancient  ruins  that  date 
from  the  earliest  European  settlement,  support  the  belief  that 

*  For  consecutive  tides. 

t  One  tidal  fluctuation  often  entirely  absent  at  Colon. 
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the  area  comprised  in  the  Canal  Zone  has  not  been  visited  by 
violently  destructive  earthquakes  in  modern  times. 

The  best  available  records  show  twenty-eight  earthquakes 
prior  to  1904,  of  which  only  one  can  be  classed  as  destructive, 
being  that  of  September  7,  1882 ;  although  some  writers  claim 
that  a  destructive  earthquake  occurred  in  1621,  which  de- 
stroyed nearly  all  the  houses  in  Panama.     In  Mendosa's  his- 
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tory,  the  foundation  of  Old  Panama  is  given  as  August  18, 
1519,  and,  in  speaking  of  the  city,  he  mentions  that  it  contained 
eleven  streets,  three  squares,  one  cathedral,  two  hermitages, 
five  convents,  one  hospital,  several  royal  houses,  one  municipal 
house  and  one  tribunal.  The  total  number  of  houses  was  504, 
and  of  these  only  eight  were  masonry,  three  hundred  and 
thirty-two  wood,  and  the  rest  native  huts.  In  this  history 
Mendosa  describes  the  great  fire  that  occurred  in  1644,  when 

TABLE  23. 

THE  PANAMA  CAKAL 

BAIBOA  SERIES  AND  HEAP  TIDES 

Means  of  5  years'  records 
1909  to  1913  Inclusive 


Mean  Serine  Tides 

Mean  Ifcan   Tides 

I.'onth 

High  Water 

Low  -Water 

High  Water 

Low  Water 

Mean  Tide  Level* 

Jan. 

+  7.9 

-7.6 

^4.5 

-4.3 

+  .442 

Feb. 

+  8.2 

-8.3 

+  3.8 

-4.0 

+  .134 

Mar. 

+  8.3 

-8.7 

+  3.7 

-3.7 

+  .094 

Apr. 

+  8.3 

-8.4 

+4.0 

-3.6 

+  .264 

Kay 

+  8.0 

-7.3 

+4.9 

-3.7 

+ .  732 

June 

+  7.8 

-6.9 

+  E.5 

-3.9 

+  .873 

July 

♦  8.1 

-6.9 

+  5.2 

-3.9 

+  .897 

Aug. 

+  8.7 

-7.4 

+4.7 

-3.4 

+  .879 

Sept. 

+  9.2 

-7.6 

+4.6 

-2.9 

+  .984 

Oct. 

+  9.4 

-7.7 

+4.5 

-2.8 

+1.083 

Nov. 

+  8.5 

-7.2 

+4.9 

-3.4 

+1.044 

Dec. 

+  8.0 

-6.9 

+5.2 

-3.8 

+  .918 

Year 

+8.37 

-7.57 

+4.62 

-3.61 

+  .696 

*  From  hourly  elevations. 
Elevations  in  feet  referred  to  Zero  of  Balboa  gage  staff 

most  of  the  town  was  destroyed,  including  the  cathedral,  but 
no  mention  is  made  of  an  earthquake  having  destroyed  the 
city  in  1621,  just  twenty-three  years  before  the  great  fire. 
These  details  are  given  with  the  object  of  showing  that  there 
is  considerable  information  about  that  epoch,  and  that  if  a 
catastrophe  of  such  magnitude  occurred,  it  would  surely  have 
been  mentioned  in  one  of  the  most  authentic  histories  of  the 
time. 

The  "Star  and  Herald",  dated  September  14,  1882,  gives  a 
resume  of  the  news  of  the  week,  in  which  it  says  that  the 
cathedral  in  Panama  suffered,  but:  only  to  a  limited  extent,  as 
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TABLE  24. 
she  pamta,  cam 

LIS!!  01'  SuilWIBLE  EARTHQUAKE  SHOCKS 
AKCON,  C.  Z. 
Covering  period  from  1909  to  19i4  Inclusive. 


GREENalCH  MEAN  TIME 

Sot 

e 

LSuc.  Amplitude 

Estimated 

Approximate  distance 

of  Hecord  (ran) 

Intensity 
Rossi -Forel 
Scale 

of  epicenter  (Lilies) 

Aug.  30, 

1909 

54  plus  (1) 

III 

Near  -  Direction  S.  W. 

Jan.     1, 

1910 

35 

II 

Epicenter  probably  in 
vicinity  of  Martinique 

May        5, 

1910 

38 

II 

Destructive  Cartago 
earthquake  • 

Sept. 24, 

1910 

42 

III 

Local  shock. 

Dec.  20, 

1910 

55 

III 

225  miles. 

Deo.  21, 

1910 

75  plus   (1) 

IV 

225  miles. 

Apr.  10, 

1911 

55  plus  (1) 

III 

100  miles. 

Apr.  17, 

1912 

68  plus   (1) 

III 

225  miles. 

Apr.    6, 

1913 

40 

II 

100  miles. 

Oct.     1, 

1913 

75  plus   (1) 

T 

115  miles,-  S.  V. 

Oot.     1, 

1913 

T 

III 

115  miles,-  S.  V. 

Oct.     4, 

1913 

75  plus   (1) 

IV 

115  miles,-  S.  ff. 

Oct.  12, 

1913 

45  plus   (1) 

III 

115  miles,-  S..W. 

Oct.  23, 

1913 

1 

IV 

115  miles,-  S.  W. 

Kov.   IS, 

1913 

75  plus  (1) 

III 

115  miles,-  S.  W. 

Feb.     7, 

1914 

57 

III 

115  miles,-  S.  17. 

Feb.  10, 

1914 

75  plus    (1) 

IV 

115  miles,-  S.  17. 

Apr.  20, 

1914 

35  plus   (1) 

II 

250  miles, - 

May     28, 

1914 

75  plus   (1) 

VI 

100  mi'les,-  S.  W. 

(1)  Record  incomplete  -  pens   thrown  from  sheets. 

Records  are  from  Bosch-Omori  100  K.  seismopraphe  -  majnilfication 
10  -  damping  medium.  •  Period  of  pendulum  25  seconds.  The  amplitude 
indicates  half  of  the  complete  ran^o  of  maximum  motion.   Omori's 
formula  used  in  computing  distances . 

it  was  a  piece  of  isolated  wall  that  fell.  Cracks  opened  in 
several  buildings,  and  part  of  the  old  municipal  house  fell. 
This,  however,  was  a  very  old  building  poorly  constructed. 
There  was  also  some  slight  damage  done  along  the  line  of  the 
Panama  Railroad.  In  appreciating  the  extent  of  the  distur- 
bance, due  consideration  should  be  given  to  the  character  of 
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the  structures  involved.  There  is  no  doubt  that  this  earth- 
quake was  the  most  pronounced  of  any  of  which  there  is 
record  on  the  Isthmus.  The  automatic  tide  register  at  Colon 
showed  a  tidal  wave  of  small  amplitude  at  the  time  of  the  earth- 
quake. 

A  similar  record  was  made  by  the  mareograph  at  Naos  on 
January  31st,  1906,  when  the  amplitude  of  the  wave  exceeded 
three  feet,  and  the  disturbance  continued  for  several  hours 
with  diminishing  displacement. 

In  December,  1908,  two  100  K  and  two  25  K  Bosch-Omori 
seismographs  of  the  most  improved  types  were  installed  at 
Ancon.  Continuous  seismological  records  have  been  obtained 
since  this  date.  The  instruments  are  of  sufficient  sensitiveness 
to  record  not  only  local  shocks,  but  the  faint  tremor  from 
severe  earthquakes,  no  matter  how  far  distant  the  point  of 
origin.  Tremors  from  destructive  quakes  in  Mexico,  Alaska, 
Eussian  Turkestan,  Chile  and  other  distant  regions  have  been 
recorded  by  the  Ancon  instruments. 

Most  of  the  disturbances  recorded  have  been  either  slight 
shocks  of  nearby  origin  (less  than  200  miles  distant),  or  faint 
tremors  from  shocks  of  distant  origin.  During  the  six  years 
period  from  1909  to  1914,  inclusive,  about  20  shocks  occurred 
that  were  of  sufficient  intensity  to  be  felt  generally  over  the 
Isthmus,  ranging  from  intensity  II  to  VI  on  the  Kossi-Porel 
scale.    A  list  of  these  shocks  is  presented  in  Table  24. 

The  number  of  earthquakes  recorded  at  Ancon  by  months 
is  shown  in  Table  25.  The  average  number  of  shocks  recorded 
per  year  has  been  45.  October  and  February  have  been  the 
months  of  maximum  earthquake  frequency,  and  January  and 
March  the  months  of  minimum  frequency.  However,  averages 
of  this  character  are  thought  to  have  little  value  when  based  on 
records  covering  a  period  of  no  longer  duration  than  six  years. 

Seismic  disturbances  were  more  numerous  and  more  severe 
on  the  Isthmus  during  the  fiscal  year  1913-1914  than  in  any 
previous  year  since  the  American  occupation  of  the  Canal  Zone. 
Eighty-seven  shocks  were  recorded  at  Ancon  during  this  period. 
Of  these,  55*  were  of  comparatively  local  origin,  less  than  200 

*  Possibly  56. 
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miles  distant.  The  remainder  were  tremors  from  shocks  of  dis- 
tant origin. 

Practically  all  of  the  local  shocks  seemed  to  originate  in  the 
vicinity  of  the  lower  coast  of  Los  Santos  Province,  approximately 
115  miles  southwest  of  Ancon.  Ten  of  these  shocks  were  of  suf- 
ficient intensity  to  be  generally  felt  over  the  Isthmus,  ranging 
up  to  intensity  V  or  VI  on  the  Eossi-Porel  scale.  The  Canal 
works  suffered  practically  no  damage  from  these  disturbances, 
although  the  new  Administration  building  at  Balboa  Heights 
was  damaged  slightly  by  the  shock  of  May  28th,  1914. 

Waves  were  produced  on  Gatun  Lake  by  the  earthquake  of 
May  28,  1914,  the  automatic  registers  showing  a  movement  of  0.3 
feet  at  Gatun,  0.1  foot  at  Pedro  Miguel  and  0.2  feet  at  Miraflores 
Lake.  The  general  direction  of  the  waves  was  from  the  south- 
west, the  epicenter  of  the  shock  being  located  about  115  miles 
southwest  of  Panama.  The  Miraflores  register  is  located  at  the 
north  end  of  Miraflores  Lake,  and  the  Gatun  register  at  the 
north  end  of  Gatun  Lake,  which  accounts  for  the  larger  ampli- 
tude registered  at  these  stations,  whereas  Pedro  Miguel  register 
is  at  the  extreme  south  end  of  Gatun  Lake. 

A  list  of  earthquake  records  at  Panama,  obtained  by  the 
New  French  Canal  Company,  is  exhibited  below,  abstracted  from 
Abbot's  Problems  of  the  Panama  Canal: 


Panama  Earthquake  Records. 

Month                          1900  1901  1902  1903 

January  0            0  0 

February 0             0  0 

March 0             0  0 

April 0            2  1 

May   0             0  0 

June  0             0  0 

July   0             0  0 

August  0            0  0 

September  14  0  0 

October    0  10  0 

November    0  0             0  0 

December  0  0             0  0 


1904 
1 

1 
0 
0 


Years 
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Of  the  11  shocks  recorded  during  this  period,  7  were  classed 
as  (light)  tremors,  and  4  as  light  shocks.  The  French  records 
listed  above  are  not  strictly  comparable  with  the  later  American 
records,  as  modern  seismographs  are  far  more  sensitive  than  the 
instruments  used  by  the  French  Canal  Company,  and  record 
many  slight  tremors  that  would  not  affect  the  less  sensitive  in- 
struments. 


TABLE  25. 

THE  PAHAMA  CAKAL 

] 

UOHTHLY  RECORD  OF  EARTHQUAKES 

RECORDED  AT 

AHGOH.C.Z.  FOR  PERIOD  1909  r  1914. 
BOfiCH-OMORl  SEISMOGRAPHS,.   ' 

'Month 

1909 

1910 

1911 

1912 

1913 

1914 

Average . 

Jan. 

0 

5  (1) 

2 

0 

1 

2 

2 

Feb. 

2 

3 

1 

2 

1 

22  (2) 

5 

Mar. 

1 

1 

0 

3 

4 

3 

2 

Apr. 

0 

6 

3  (1) 

4  (1) 

3 

»  (1) 

3 

May 

5 

7  (1) 

3 

2 

1 

4  (1) 

4 

'June 

1 

2 

6 

2 

3 

0 

2 

July  . 

12 

2 

2 

6 

3 

0 

4 

'Aug. 

12 

(1)  2 

3 

0 

6  (1) 

1 

4 

Sept. 

16 

3  (1) 

2 

0 

1 

1 

4 

Oct. 

9 

1 

4 

0 

39  (5) 

1 

9 

Hov. 

5 

1 

2 

6 

2  (1) 

2 

3 

'Dec. 

2 

i 

3  (2) 

7 

2 

3 

0 

3 

Year 

'   65" 
'   (1) 

'36   "" 
(5) 

3B 

(1) 

87 

(1) 

67 
(7) 

38 

(4) 

46 
119) 

.Bote:   ■  Figures  in  parenthesis  indicate  number  of  "hooks  of 
sufficient  intensity  to  be  felt  locally. 

,',  HYDROLOGY. 

The  Chagres  River. 

As-  the  Panama  Canal  for  more  than  half  its  length  follows 
the  valley  of  the  Chagres,  the  magnitude  of  the  river's  flood  dis- 
charge is  important  in  relation  to  the  works  necessary  for  con- 
trolling and  discharging  the  surplus  water,  without  injuring  the 
Canal  or  obstructing  navigation.  r 
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The  river  is  formed  by  two  streams,  one  named  the  Chagres 
and  the  other  the  Pequeni,  which  join  at  a  point  in  the  hills 
called  "Dos  Boeas",  about  55  miles  from  the  sea,  measured  by 
the  sinuous  route  the  stream  has  made  for  itself. 

The  Chagres  proper  has  its  headwaters  among  the  moun- 
tains of  the  Cordillera  de  San  Bias,  about  45  miles  above  Dos 
Bocas,  where  there  are  mountain  peaks  from  2000  to  4000  feet 
above  sea  level,  from  some  of  which  the  Caribbean  Sea  can  be 
seen,  about  fifteen  miles  to  the  north. 

Although  nearly  the  entire  country,  from  its  headwaters  to 
Alhajuela,  is  clothed  with  vegetation,  much  of  which  is  dense, 


Fig.  19. 


Chagres  River,  View  near  Las  Hornos,  showing  effect  of  flood  water  on 
limestone  hanks. 


the  slopes  are  so  precipitous,  and  the  rock  lies  so  near  to  the  sur- 
face, that  severe  tropical  rain  storms  convert  the  precipitous 
banks  of  the  Chagres  into  a  series  of  small  torrents  and  cascades,' 
causing  the  river  to  rise  suddenly  and  discharge  almost  incon- 
ceivable volumes  of  water.  It  is  this  feature  that  lends  import 
ance  to  the  study  of  the  floods  of  the  Chagres. 

The  general  direction  of  the  river  from  its  source  to  the  Rio 
Indio,  about  5  miles  above  Dos  Bocas,  is  southeasterly,  thence  to 
Dos  Boeas  it  is  nearly  due  east.  Descending  the  river,  numerous 
rapids  are  encountered,  and  two  canyons,  each  about  one  mile 
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in  length,  separated  by  a  series  of  rapids  about  one-half  mile  in 
length.  Just  below  the  last  canyon  are  two  water-falls,  about  500 
feet  apart,  each  having  a  fall  of  about  7  to  8  feet.  These  falls  are 
about  five  miles  above  where  the  Rio  Indio  joins  the  Chagres. 
To  this  point  the  river  has  passed  through  a  formation  of  granite, 
hard  trap  and  basalt.  At  the  Rio  Indio,  limestone  formation  is 
encountered,  and  continues  until  the  village  of  Tranquilla  is 
reached,  two  miles  above  Dos  Bocas.  At  Tranquilla  the  scenery 
changes;  the  river  enters  an  open  plain,  which  extends  six  or 
seven  miles  to  the  foothills  in  the  east,  and  down  stream  for 
four  miles  to  Vigia,  and  from  Dos  Bocas  up  the  Pequeni  for 
about  eight  miles.  At  Dos  Bocas  the  river  banks  are  only  a  few 
feet  above  the  surface  of  the  river  at  ordinary  stages. 

The  Pequeni  has  its  source  in  the  Continental  Divide  about 
thirty  miles  from  Dos  Bocas,  and  eight  miles  from  the  coast  of 
the  Caribbean  Sea  near  Nombre  de  Dios. 

Its  course  is  nearly  due  south  to  Dos  Bocas.  Before  it  is 
joined  by  the  Boqueron,  at  a  point  about  nine  miles  above  Dos 
Bocas,  its  course  lies  through  a  section  of  country  wild  and 
picturesque,  resembling  in  part  the  main  features  of  the  upper 
Chagres,  but  lacking  in  velocity  and  volume. 

The  Pequeni  ordinarily  discharges  at  Dos  Bocas  about  one- 
half  as  much  water  as  is  brought  down  to  this  point  by  the 
Chagres. 

From  Dos  Bocas  to  Vigia,  about  one  mile,  the  river  flows 
through  an  open  plane  of  several  miles  in  extent  towards  the 
east.  At  Vigia  the  elevation  of  the  river  bottom  is  +125  feet 
above  sea  level.  The  scenery  here  changes;  instead  of  open 
stretches  of  country  sloping  down  from  distant  foothills,  as  in 
the  vicinity  of  Dos  Bocas,  the  banks  of  the  river  are  solid  masses 
of  limestone,  rising  abruptly  from  the  river  bed  to  elevations 
varying  from  100  to  300  feet.  The  stream  is  sinuous ;  in  some 
places  the  convex  curve  has  undermined  the  limestone,  forming 
overhanging  ledges  and  caverns  of  considerable  size. 

The  scenery  is  everywhere  one  of  entrancing  beauty  and 
infinite  variety  until  Alhajuela  is  reached,  where  the  elevation 
of  the  river  bottom  is  +  92  above  mean  sea  level. 

Descending  the  river  from  Alhajuela  to  Gamboa,  about  11 
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miles,  thirty  rapids  are  encountered  (this  refers  to  conditions 
before  the  waters  of  Gatun  Lake  were  impounded),  and  the 
water  flows  bright  and  sparkling,  except  during  the  times  of 
freshets  or  floods.  About  one-half  mile  above  Gamboa  the  last 
outcroppings  of  limestone  are  noticed,  and  the  numerous  small 
rivulets  or  mountain  streams  that  contributed  their  mite  to  the 
volume  of  the  river  have  disappeared. 

At  Gamboa  the  elevation  of  the  river  bottom  is  +  42  feet 
above  mean  sea  level,  representing  a  slope  of  over  four  feet  to 
the  mile  from  Alhajuela.  Here  the  river  makes  a  sharp  turn  to 
the  right  and  at  the  same  time  changes  its  character  from  a 
swift  running  river  to  a  slow  flowing  muddy  stream. 

From  Gamboa  the  river  meanders  through  a  narrow  valley, 
varying  from  one-quarter  to  one  mile  in  width,  until  Bohio  is 
reached,  where  the  elevation  of  the  river  bottom  is  — 3  feet. 
The  effect  of  the  tide  is  plainly  discernible  here  during  low 
water  stages.  The  district  below  Bohio  drained  by  the  Chagres 
consists  mainly  of  low  hills  and  swamps,  which  extend  for  about 
10  miles  up  the  Trinidad  and  about  4  miles  up  the  Gatun.  These 
swamps  serve  as  a  storage  basin  and  regulator  of  flood  waters, 
permitting  them  to  run  off  gradually. 

This  area,  covered  as  it  was  by  luxuriant  vegetation  and 
timber,  required  a  large  amount  of  water.  Likewise,  the  loss  by 
evaporation  from  these  conditions  during  the  dry  season  was 
considerable. 

The  increased  loss  by  evaporation  from  the  surface  of  the 
lake  after  the  disappearance  of  the  timber  is,  it  is  believed,  more 
than  offset  by  the  increase  in  direct  rainfall  on  the  lake  surface 
and  the  swamp  water  which  was  formerly  lost  to  runoff  before 
the  elevation  of  the  lake  exceeded  the  elevation  of  the  swamps. 

Borings  have  been  made  in  the  valley  of  the  Chagres  from 
Alhajuela  to  Gatun,  with  a  view  of  determining  the  character 
of  the  earth  and  depth  of  the  rock.  It  is  found  that  at  Alha- 
juela there  is  a  depth  of  about  29  feet  of  gravel  overlying  the 
rock  in  the  bottom  of  the  stream.  At  Gamboa,  just  above  the 
junction  of  the  Obispo,  the  gravel  covering  the  rock  bed  is 
about  50  feet  in  depth.  At  San  Pablo  the  bed  of  gravel,  sand, 
etc.,  is  about  90  feet  in  thickness ;  at  Bohio,  the  rock  is  about 
150  feet  below  the  tide  level,  and  the  drills  penetrated  wood  at 
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various  depths  to  150  feet.  At  Gatun,  the  depth  to  what  has 
been  classed  as  rock,  and  indurated  sandy  clay,  is  258  feet. 
Here,  also,  buried  wood  was  brought  up  by  the  drills.  It  seems, 
therefore,  to  be  certain  that  what  may  be  called  the  rock  bottom 
of  the  geological  valley  of  the  Chagres  is  represented  by  a  deep 
groove  or  channel,  now  entirely  or  partly  filled  by  the  products 
of  erosion  and  drift.  If  there  has  been  a  regional  subsidence 
of  the  Isthmus,  which  the  geologists  suggest  as  possible,  it  may 
be  that  the  ancient  Chagres  discharged  into  the  sea  through  an 
ancient  valley,  which,  with  the  land  adjacent  thereto,  was  some 
300  feet  higher  in  relation  to  the  ocean  than  the  present  valley. 
The  Trinidad  and  Gatun  Rivers. 

The  Trinidad  River  is  the  largest  tributary  of  the  Chagres 
River  below  Dos  Bocas.  It  has  its  headwaters  in  the  continental 
divide,  about  nine  miles  from  the  Pacific  Coast.  It  has  an  ex- 
treme length  of  over  fifty  miles,  and  flows  nearly  due  south, 
entering  the  Chagres  about  four  miles  south  of  Gatun.  At  about 
forty  miles  from  its  source  it  is  joined  by  a  branch,  which  is  the 
larger,  and  is  called  the  Siri  Grande.  The  drainage  area  of  the 
two  streams  is  long  and  narrow,  the  streams  running  about 
parallel  from  their  sources  to  where  they  unite  to  form  the 
Trinidad.  From  this  point  to  the  Chagres  the  Trinidad  flows 
through  a  low  swamp  for  about  ten  miles,  the  surface  of  the 
river  being  only  two  or  three  feet  below  the  surface  of  the 
swamp  at  ordinary  stages  of  the  river.  It  has  a  drainage  area 
of  314  square  miles,  and  a  mean  discharge  of  1376  cubic  feet 
per  second.  The  maximum  discharge  of  record  is  4280  cubic 
feet  per  second,  December,  1909,  and  the  minimum  is  67  cubic 
feet  per  second,  April  25,  1908.  At  the  headwaters  of  the  Trini- 
dad the  ridges  are  low,  only  a  few  isolated  peaks  exceeding 
1000  feet  in  elevation. 

The  Gatun  River  enters  the  Chagres  about  one  mile  south 
of  Gatun.  It  has  an  extreme  length  of  about  thirty-five  miles. 
For  a  distance  of  about  thirty  miles  the  river  flows  through  a 
comparatively  hilly  country,  with  many  rapids  marking  its 
course.  The  lower  portion,  for  a  distance  of  about  five  miles, 
flows  through  a  low,  flat  country  resembling  that  of  the  Trini- 
dad. It  has  a  drainage  area  of  127  square  miles,  and  a  mean 
discharge  of  827  cubic  feet  per  second.    The  maximum  discharge 


Digitized  by  Microsoft® 


CLIMATOLOGY  AND  HYDROLOGY  275 

of  record  is  7640  cubic  feet  per  second,  December,  1909,  and  the 
minimum  is  27  cubic  feet  per  second,  April  3,  1908.    Its  source 
is  among  the  hills  in  the  northwesterly  part  of  the  basin,  where 
the  top  hills  are  from  2000  to  2800  feet  above  mean  sea  level. 
The  Cafio. 

The  Cafio  River  enters  the  Chagres  from  the  southwest, 
about  fifteen  miles  above  Gatun.    The  drainage  area  for  a  few 
miles  above  its  mouth  is  low  and  flat,  after  which  its  bed  rises 
rapidly.    Drainage  area,  52  square  miles. 
The  Obispo. 

The  Obispo  River  originally  entered  the  Chagres  a  little  be- 
low Gamboa.  It  is  now  cut  by  the  Canal  and  the  main  portion 
of  the  flow  is  diverted  into  the  Chagres  at  Gamboa.  Drainage 
area,  37  square  miles. 

The  Chilibre. 

The  Chilibre  River  enters  the  Chagres  from  the  east  about 
six  miles  above  Gamboa.  Its  lower  portion  runs  through  a  com- 
paratively flat  country,  but  rises  gradually  until  its  source  is 
reached  among  the  central  hills.    Drainage  area,  54  square  miles. 

At  each  of  the  regular  gaging  stations  established,  the  fol- 
lowing data  are  available: 

1st.      Description  of  Station ; 
2nd.    List  of  Discharge  Measurements ; 
3rd.     Gage  Height  Table ; 
4th.     Rating  Curve; 

5th.     Table  of  estimated  monthly  and  yearly  discharge  and 
run-off. 

The  description  of  the  station  gives,  as  far  as  possible,  such 
general  information  about  the  location  and  equipment  as  will 
identify  the  station.  It  also  contains,  as  far  as  possible,  a  com- 
plete list  of  all  changes  which  have  occurred  since  the  establish- 
ment of  the  station,  and  which  affect  the  use  of  the  data 
collected. 

The  discharge  measurement  table  gives  the  results  of  the 
discharge  measurements  made  during  the  year.  This  includes 
the  data,  the  hydrographer 's  name,  the  gage  height  and  discharge 
in  second-feet. 

The  table  of  daily  gage  heights  gives  for  each  day  the  fluc- 
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tuations  of  the  surface  of  the  river,  as  found  from  the  bi-hourly 
readings  recorded  by  the  automatic  register. 

The  rating  table  gives  the  discharge  in  second-feet  corres- 
ponding to  each  stage  of  the  river,  as  given  by  the  gage  height. 
It  depends  upon  the  general  law  that  for  streams  of  practically 
constant  cross  section  the  discharge  is  a  function  of  the  gage 
height,  and  that  like  gage  heights  have  the  same  discharge. 

In  the  preparation  of  this  table  the  discharge  measurements 
were  plotted  on  cross-section  paper  to  some  convenient  scale, 
using  the  gage  heights  as  ordinates  and  the  discharges  as 
abscissae.  Through  these  points  a  smooth  curve  was  drawn, 
which  is  the  basis  for  the  table.  From  this  curve  was  tabulated, 
on  forms  prepared  for  the  purpose,  the  discharge  corresponding 
to  each  tenth  of  a  foot  on  the  gage.  The  first  and  second  dif- 
ferences between  the  successive  discharges  were  then  taken. 
These  were  adjusted  on  the  assumption  that  there  is  a  gradual 
increase  in  the  discharge  as  the  gage  height  increases,  and  the 
discharge  values  in  the  table  were  then  adjusted  according  to 
these  revised  differences.  In  preparing  the  rating  table  all  avail- 
able data  were  brought  into  use,  including  special  conditions 
which  might  affect  the  discharge.  For  high  waters,  above  the 
stage  covered  by  discharge  measurements,  the  curve  was  ex- 
tended by  a  tangent  line.  In  case  the  river  overflowed  its  banks 
a  percentage  of  the  discharge  was  added,  depending  on  the  depth 
and  velocity  of  the  overflowed  portion.  For  stages  below  that 
portion  of  the  curve  which  is  fixed  by  discharge  measurements, 
the  curve  was  extended,  following  the  general  form  of  the  de- 
termined lower  portion.  Notes  under  each  rating  table  indicate 
those  portions  that  are  based  on  actual  gagings,  and  those  that 
are  estimated.  From  the  rating  table  and  daily  gage  heights,  a 
table  giving  the  daily  discharge  of  the  stream  was  prepared. 
From  this  the  table  of  estimated  monthly  and  yearly  discharges 
and  run-off  was  computed,  which  gives  in  a  condensed  form  the 
observations  made  during  the  year  at  the  station. 

The  column  headed  "maximum"  gives  the  mean  flow  for 
the  day  when  the  mean  gage  height  was  the  highest,  as  given  in 
the  rating  table  for  that  mean  gage  height.  As  the  gage  height 
is  the  mean  for  the  day,  there  might  have  been  short  periods 
when  the  water  was  higher  and  the  corresponding  discharge 
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larger  than  that  given  in  this  column.  Likewise,  in  the  column 
headed  "minimum"  the  quantity  given  is  the  mean  flow  for  the 
day  when  the  mean  gage  height  was  the  lowest.  The  column 
headed  "mean"  gives  the  average  for  each  second  of  the  month. 
Upon  these  the  computations  for  the  two  remaining  columns 
are  based. 

The  expression  "second  feet  per  square  mile"  means  the 
average  number  of  cubic  feet  of  water  flowing  from  each  square 
mile  of  drainage  area  for  each  second. 


Fig.  20.     Current  Meter  Eating  Station,  Pedro  Miguel. 

' '  Depth  in  inches ' '  means  the  depth  of  water  in  inches  that 
would  have  covered  the  drainage  area,  uniformly  distributed, 
if  all  the  water  could  have  accumulated  on  the  surface.  This 
quantity  is  used  for  comparing  run-off  with  rainfall.  It  should 
be  noted  that  ' '  depth  in  inches ' '  represents  the  actual  quantity 
of  water  produced  during  the  period  in  question,  while  ' '  second 
feet"  is  merely  the  rate  of  flow,  into  which  the  element  of  time 
does  not  enter. 
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Hydrographic  Stations. 

The  New  French  Company  inaugurated  an  exhaustive  study 
of  the  hydrographic  conditions  pertaining  to  the  construction  of 
an  interoceanic  canal,  whereas  the  records  of  the  Old  French 
Company  were  incomplete  and  unsatisfactory  in  detail.  The 
New  French  Company  operated  stations  at  Gamboa,  Bohio  and 
Alhajuela,  where  valuable  data  concerning  the  regimen  of  the 
Chagres  River  and  its  tributaries  were  collected,  but  unfor- 
tunately they  do  not  contain  any  flood  discharges  so  great  as 
those  which  occurred  during  the  regime  of  the  Old  Company. 

Previous  to  1907  discharge  measurements  were  made  from 
the  observation  of  floats.  In  1899  and  1900  current  meter  meas- 
urements were  made  on  the  Chagres  and  its  tributaries,  also  on 
the  Rio  Grande  and  Pedro  Miguel,  under  the  direction  of  Mr. 
Arthur  P.  Davis,  Chief  Hydrographer  of  the  Isthmian  Canal 
Commission.  (See  report  of  March  15,  1901,  addressed  to  Rear 
Admiral  J.  G.  Walker,  President  of  the  Commission.)  During 
1907  both  float  and  current  meter  observations  were  made  at 
Bohio  and  Alhajuela.  Current  meter  measurements  alone  have 
been  used  since  January,  1908,  except  at  times  when  conditions 
rendered  it  impossible  to  operate  the  instruments.  Comparative 
tests  seem  to  indicate  that  the  results  obtained  from  float  meas- 
urements were  higher  than  the  gage  heights  warranted,  but  no 
corrections  have  been  applied  to  the  data  as  published,  since 
they  were  undoubtedly  the  very  best  obtainable  at  the  time, 
and,  if  in  error,  the  error  was  on  the  side  of  safety. 

Since  1907  all  gaging  stations  have  been  fully  equipped 
with  modern  current  meter  apparatus ;  and  cross-sections  have 
been  regularly  taken  and  the  meters  rated  at  frequent  inter- 
vals. During  the  dry  season,  wherever  practicable,  gagings  were 
made  by  wading  in  the  streams.  This  method  was  found 
especially  valuable  in  gaging  the  flow  through  the  concrete 
channel  at  the  Gatun  Spillway  during  the  dry  season  of  1912. 

Gamboa  has  the  longest  record  of  any  hydrographic  station 
on  the  Isthmus.  Gagings  by  floats  were  made  prior  to  1888,  but 
no  continuous  records  of  river  heights  were  obtained  until  that 
year,  when  an  automatic  register  was  installed.  The  Gamboa 
station  is  located  near  the  point  where  the  Canal  leaves  the 
valley  of  the  Chagres,  the  valley  ascending  from  this  point  to 
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the  northeast,  while  the  Canal  axis  proceeds  to  the  southeast 
across  the  Continental  Divide  to  the  Pacific.  The  backwater 
from  Gatun  Lake  was  felt  appreciably  at  this  station  about  the 
1st  of  September,  1912.  Gaging  work  was  further  complicated 
by  the  filling  in  of  the  river  channel  along  the  north  bank  fol- 
lowing the  gravel  excavation  of  the  dry  season  of  1912.  Regu- 
lar gaging  work  at  Gamboa  was  discontinued  at  the  end  of  1912, 
although  a  few  measurements  have  been  made  on  extreme  low 
water  and  during  all  freshets  of  any  moment.    Owing  to  back- 


Fig.  21.     Water  Stage  Register,   Gatun,  1914. 

water  effects  of  the  lake,  the  station  was  moved,  in  1913,  further 
down  stream  to  within  about  one  thousand  feet  of  the  Canal 
prism,  where  an  automatic  water-stage  register  records  continu- 
ous lake  heights,  which  are  tabulated  into  bi-hourly  values. 

Bohio  station  was  established  in  1891,  but  continuous  rec- 
ord of  discharge  measurements  is  available  only  since  1893, 
when  an  automatic  instrument  was  installed.  These  records 
were  continued  until  the  backwater  from  Gatun  Lake,  in  Octo- 
ber, 1910,  prevented  further  gagings.  The  automatic  water- 
stage  register  was,  however,  continued  in  operation,  from  which 
bi-hourly  lake  heights  are  tabulated. 
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Alhajuela,  situated  about  eleven  miles  above  Gamboa,  was 
■established  April  15,  1899,  when  an  automatic  record  was  com- 
menced, and  is  in  operation  at  the  present  time.  The  measure- 
ments at  this  station  are  cheeked  by  gagings  on  the  upper 
Chagres,  Pequeni  and  La  Puenta  Rivers  near  Yigia.  Its  prin- 
cipal use  is  to  continue  observations  of  river  heights  and  dis- 
charge measurements  for  comparative  purposes,  and  to  serve  as 
a  flood  warning  station  for  advance  information  governing  the 
operation  of  the  spillway  gates  at  Gatun. 

A  station  was  established  at  Vigia,  about  eight  miles  above 
Alhajuela,  in  August,  1908,  as  a  flood  warning  station.  The 
elevation  of  the  bottom  of  the  river  is  +  125  ft.  above  sea  level. 
During  the  flood  of  December  26, 1909,  the  water  rose  to  a  maxi- 
mum height  of  168.9  feet  above  mean  sea  level. 

Gatun  gaging  station  was  established  in  May,  1907,  at  which 
time  an  automatic  instrument  was  installed,  and  is  still  in  op- 
eration as  a  water-stage  register  station  for  recording  bi-hourly 
lake  heights.  Since  April,  1910,  the  entire  run-off  of  the  Chagres 
basin  has  passed  through  the  Spillway,  where  a  fully  equipped 
gaging  station  is  in  operation  at  the  lower  end  of  the  discharge 
•channel. 

On  account  of  tidal  conditions  existing  at  Gatun,  it  was 
impossible  to  secure  with  precision  the  low-water  flow  prior  to 
the  building  of  Gatun  Dam.  Stations  were  therefore  established 
on  the  Trinidad  and  Gatun  Rivers,  and  the  total  of  their  dis- 
charge added  to  that  of  Bohio  was  considered  the  discharge  at 
Gatun  during  low-water  stages.  Tidal  influences  were  felt  as 
far  inland  as  Bohio,  and  during  low-water  stages  gagings  were 
made  at  the  Buena  Vista  Station,  about  one  mile  above  the  regu- 
lar Bohio  gaging  station. 

The  stations  on  the  Trinidad  and  Gatun  Rivers  were  estab- 
lished in  May,  1907,  and  continued  in  operation  for  four  years, 
when,  on  account  of  backwater  on  the  lake  having  reached  a 
height  permitting  the  entire  flow  to  pass  through  the  spillway, 
they  were  no  longer  used  for  gaging  purposes.  Water-stage 
registers  are  still  maintained  in  the  arms  of  the  lake  formed  by 
the  Trinidad  and  Gatun  Rivers,  at  which  continuous  bi-hourly 
heights  are  recorded. 

To  facilitate  the  study  of  any  phenomena  accompanying  the 
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filling  of  Gatun  Lake,  water  stage  registers  recording  the  bi- 
hourly  heights  were  installed  at  Frijoles,  San  Pablo  and  at  the 
north  end  of  Pedro  Miguel  locks. 

On  account  of  backwater  from  Miraflores  Lake,  the  gaging- 
station  on  the  Pedro  Miguel  River  was  abandoned  November, 
1913,  and  a  water-stage  register  recording  the  bi-hourly  heights 
was  installed  on  Miraflores  Lake,  at  the  south  end  of  Pedro' 
Miguel  locks. 

In  connection  with  the  study  of  rainfall  and  run-off  since 
January,  1912,  rainfall  stations  (in  addition  to  those  maintained 
prior  thereto)  have  been  in  operation  on  the  Chagres  at  the  junc- 
tion of  the  Rio  Indio,  and  on  the  Pequeni  at  the  junction  of  th& 
Culebra;  also  on  the  Chilibrillo,  on  the  Azules  at  its  junction, 
with  the  Caiio,  at  Los  Rieces  and  Quipo  on  the  Siri,  and  Cuch- 
erbo  on  the  Trinidad,  thus  affording  a  well  distributed  system 
of  rain  gages  over  these  outlying  valleys  of  the  drainage  basin. 

The  maximum  measured  discharge  for  one  year  at  Alhajuela,. 
Gamboa  and  Bohio  was  that  of  1909,  while  for  Gatun  it  was 
that  of  1910,  owing  to  the  fact  that  the  large  volume  of  water 
contributed  by  the  flood  of  November  and  December,  1909,  was 
retarded  below  Bohio  by  the  large  swamp  areas,  dense  forest 
and  jungle  growth.  The  maximum  discharge  at  all  stations 
occurred  during  the  river  year  1909-1910  (May  1,  1909  to  April 
30,  1910). 

The  year  of  minimum  run-off  for  all  stations  was  1905  and 
the  minimum  dry  season  run-off  was  1912. 
Floods. 

The  following  are  the  principal  floods  which  have  occurred 
on  the  Chagres  River  since  the  Canal  operations  were  inaugu- 
rated, to  December,  1914. 

The  records  of  the  Panama  Railroad  show  that  no  damage 
to  the  road  occurred  prior  to  the  flood  of  1879. 

The  descriptions  of  the  floods  prior  to  1906,  except  that  of 
1879,  are  taken  from  General  Abbott's  translation  of  the  French 
records,  and  the  discharge  estimates  are  deduced  in  accord- 
ance with  the  formulae  expounded  by  this  learned  hydrologist 
and  student,  whose  book,  "Problems  of  the  Panama  Canal",  is 
pre-eminently  the  most  reliable  and  exhaustive  of  any  on  the 
subject. 
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Flood  of  1879 :  The  report  of  Acting  Superintendent  Dow 
of  the  Panama  Railroad  states  that:  "A  heavy  'Norther'  com- 
menced at  9  p.  m.,  November  20,  1879.  The  French  collier 
'Georges',  the  collier  'B.  H.  Peck',  and  the  'Albatross'  were 
wrecked  during  the  night.  The  American  brig  'Adele  McLoon' 
was  wrecked  during  the  21st.  The  sea  was  so  heavy  that  the 
American  vessel  'Addie  J.  Bonner',  fully  laden  with  coal,  with 
two  anchors  down,  struck  bottom  in  five  fathoms  of  water  and 
lost  her  rudder. 

"Throughout  the  22nd  and  23rd,  and  until  noon  of  the 
24th,  the  wind,  sea,  and  rain  continued  with  unabating  fury. 
At  noon  of  the  24th  the  wind  moderated  a  little,  the  sea  began 
to  subside,  and  the  rain  changed  from  a  steady  downpour  to 
heavy  showers  at  intervals.  On  the  25th,  the  wind  died  out, 
but  heavy  rains  and  showers  continued". 

Assistant  Superintendent  "Wood  states:  "From  mile  post 
4  the  track  has  been  under  water  for  twenty-nine  (29)  consecu- 
tive miles,  with,  perhaps,  the  exception  of  a  few  hundred  feet 
at  the  summit  of  Tiger  Hill."  The  elevation  of  the  track  at 
Tiger  Hill  is  31.8  feet,  and  twenty-nine  miles  from  mile  post  4 
would  be  at  Las  Cascadas. 

Maximum  height  at  Gamboa  was  82.6  feet  above  mean  sea 
level,  with  a  discharge  of  78,614  cu.  ft.  per  second. 

Boyd  Ehle  gives  maximum  height  of  this  flood  at  Gamboa 
as  87.5  feet  above  mean  sea  level. 

Flood  of  1885 :  This  flood  presented  peculiar  features.  The 
rise  at  Gamboa  began  November  25th  from  level  about  6.5  feet 
above  low  water,  mounted  steadily  for  thirty-six  hours  to  a  maxi- 
mum height  of  78.4  feet  above  mean  sea  level,  then  subsided 
rapidly  nearly  to  the  10-foot  level,  there  oscillating  for  five  days, 
and  finally,  on  December  3-5,  developed  into  another  rise,  smaller 
than  the  first,  but  quite  comparable,  at  Gamboa,  with  that  of  1893. 
The  maximum  height  at  Gamboa  was  78.4  feet  at  8  p.  m., 
November  26th,  with  a  discharge  of  64,488  cu.  ft.  per  second. 
The  second  rise  reached  its  maximum  height  at  6  p.  m.,  De- 
cember 3rd,  with  a  discharge  of  44,923  cu.  ft,  per  second. 
The  greatest  average  for  48  hours  occurred  between  8  p.  m., 
November  25th,  and  8  p.  m.,  November  27th,  being  43,404  cu.  ft. 
per  second. 
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Flood  of  1888:  This  flood,  although  it  attained  a  height 
of  about  8  inches  less  than  that  of  1890,  was  more  formidable  on 
account  of  its  duration.  The  rise  at  Gamboa  began  on  Decem- 
ber 11th  from  a  level  about  2  ft.  above  low  water,  mounted 
rapidly  about  22  feet,  subsided  slightly  only  to  resume  its  up- 
ward movement,  attaining  its  highest  point,  77.3  feet,  on  Decem- 
ber 13th,  subsided  gradually  for  forty-eight  hours  and  then  devel- 
oped into  a  large  freshet,  and  finally  fell  on  December  17th  below 
the  10-foot  stage.  The  maximum  height  at  Gamboa  was  77.3  feet 
above  mean  sea  level  at  9  p.  m.,  December  13th,  with  a  maximum 
discharge  of  58,132  cu.  ft.  per  second.  The  largest  average  dis- 
charge in  forty-eight  hours  occurred  between  noon  of  December 
12th  and  noon  of  the  14th,  being  48,278  cu.  ft.  per  second. 

Flood  of  1890:  This  flood  was  of  quite  a  different  type 
from  that  of  1893.  The  river  at  Gamboa  rose  rapidly  about 
twenty-five  feet  in  seventeen  hours  and  immediately  subsided 
twenty-one  feet  in  twenty-three  hours.  This  flood  was  more  de- 
structive than  that  of  1893.  In  the  morning  of  December  1st  the 
river  began  to  rise  rapidly,  carrying  huge  drift  logs  and  debris  of 
every  description.  At  9  p.  m.  it  had  reached  the  flooring  and 
swept  away  part  of  the  bridge  at  Gorgona,  wrecked  a  dredge,  and 
done  other  damage.  Eailroad  communication  between  Matachin 
and  Gorgona  had  already  been  interrupted,  with  five  feet  of  water 
on  the  track ;  it  soon  stood  1.5  feet  deep  on  the  line  between 
Bohio  and  Barbacoas  and  between  Lion  Hill  and  Gatun,  and  at 
2  a.  m.,  December  2nd,  it  had  overflowed  the  line  between  Fri- 
joles  and  Taberhilla.  Traffic  was  restored  on  December  3rd. 
The  maximum  height  at  Gamboa  was  77.8  feet  above  mean  sea 
level  at  8  p.  m.,  December  1st,  with  a  discharge  of  65,371  cu.  ft. 
per  second.  The  largest  average  discharge  in  forty-eight  hours 
at  Gamboa  occurred  between  2  a.  m.,  December  1st  and  Decem- 
ber 3rd,  being  34,752  cu.  ft.  per  second. 

Flood  of  1893 :  After  moderate  showers  on  the  14th,  15th 
and  16th  of  December,  a  heavy  rainfall  began  on  the  evening 
of  the  17th  and  continued  until  the  24th.  During  these  seven 
days,  13.9  inches  of  rain  fell  at  Gamboa.  The  wind  shifted  from 
south  to  west  and  northwest,  and  blew  in  squalls  and  heavy 
gusts.  The  maximum  height  at  Gamboa  was  71.2  feet  above 
mean  sea  level  at  10  a.  m.,  December  21st,  with  a  discharge  of 
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43,032  cu.  ft.  per  second.  The  largest  discharge  in  forty-eight 
hours  occurred  between  10  p.  m.,  December  20th,  and  10  p.  m., 
December  22nd,  being  27,971  cu.  ft.  per  second. 

Flood  of  1906 :  The  flood  of  1906  is  quite  similar  to  that  of 
1885,  being  characterized  by  two  distinct  rises  at  nearly  the 
same  dates  in  both  years,  and  being  not  unlike  in  volume;  but 
it  differs,  in  that  the  larger  outflow  followed  instead  of  preced- 
ing, as  in  1885.  The  first  small  rise  was  due  to  the  rainfall  which 
prevailed  over  the  whole  Isthmus  on  November  15th,  16th  and 
17th,  but,  what  is  very  unusual,  the  larger  downfall  exceeded 
4.00  inches  at  several  stations  on  the  Pacific  side  of  the  divide, 
where  it  did  not  contribute  to  swell  the  Chagres.  The  maximum 
height  at  Gamboa  was  81.7  feet  above  mean  sea  level  with  a  dis- 
charge of  76,066  cu.  ft.  per  second,  the  average  maximum  dis- 
charge for  forty-eight  hours  being  42,377  cu.  ft.  per  second. 

The  hydrology  of  this  great  flood  is  fully  set  forth  in  the 
report  of  Mr.  R.  M.  Arango,  Division  Engineer,  to  the  Chief 
Engineer,  as  follows : 

"I  beg  to  submit  the  following  report  in  connection  with 
one  of  the  greatest  floods  yet  recorded  on  the  Chagres  River, 
which  is  without  doubt  second  only  to  that  of  1879,  and  far  sur- 
passing in  magnitude  the  five  previously  recorded  since  the 
French  Company  began  operations  in  the  Canal  route. 

"Our  records  show  that  the  month  of  November  had  been 
one  of  exceptional  heavy  rainfalls,  and  from  the  15th  to  the  18th 
a  freshet  of  such  magnitude  swept  down  the  stream  that  we  were 
induced  to  consider  it  a  quasi  flood  and  to  class  it  as  one  of  the 
smallest  of  the  great  rises  of  the  river.  After  the  occurrence, 
there  was  a  steady  downpour  over  almost  the  entire  Isthmus. 
From  November  21st  to  December  1st,  there  had  fallen  at  Colon 
7.51  inches,  at  Alhajuela  5.98,  at  Gamboa  5.71,  and  Bohio  3.28. 
By  the  end  of  the  2nd  of  December  the  distribution  on  the  basin 
was  11.75  inches  at  Colon,  8.78  inches  at  Alhajuela,  8.96  inches 
at  Gamboa,  and  6.10  inches  at  Bohio.  On  the  3rd  of  December 
the  precipitation  increased,  the  rainfall  for  that  day  being  4.75 
inches  at  Colon,  5.16  inches  at  Alhajuela,  3.71  inches  at  Gamboa, 
3.59  inches  at  Bohio.  These  heavy  showers  of  the  2nd  and  3rd 
on  ground  almost  saturated  with  water  produced  the  great  rise 
which  began  to  be  felt  at  Alhajuela  at  2  p.  m.  on  the  2nd,  at 
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Gamboa  6  p.  m.,  reaching  Bohio  at  10  o'clock  on  the  night  of 
the  2nd.  At  Alhajuela  the  rise  was  sudden.  In  twenty  hours 
the  maximum  elevation  was  reached,  the  river  attaining  here  a 
height  above  low  water  of  26.89  feet  and  discharging  92,100  cubic 
feet  per  second. 

"At  Gamboa,  twenty-four  hours  after  its  effects  were 
noticed,  the  river  had  risen  35.65  feet  above  low  water  mark, 
or  81.7  feet  above  mean  sea  level,  the  discharge  at  this  stage 
being  76,066  cubic  feet  per  second.  Once  the  maximum  was 
attained,  the  river  dropped  rapidly,  and  after  thirty-six  hours 
it  had  subsided  29  feet.  The  crest  of  the  wave  did  not  reach 
Bohio  until  7  a.  m.  of  the  4th,  where  its  elevation  was  38.36  feet 
above  low  water  mark,  which  is  sea  level  at  that  place.  The  dis- 
charge at  this  stage  was  108,205  cubic  feet  per  second.  At  9  a. 
m.,  the  elevation  had  dropped  to  36.65  feet,  then  descended 
gradually  until  4  p.  m.  of  the  6th,  when  it  had  dropped  below 
the  freshet  stage.  To  obtain  comparisons  between  this  and  pre- 
vious floods,  we  can  only  refer  to  our  estimates  for  Gamboa 
and  Bohio,  as  these  are  the  only  stations  at  which  past  floods  of 
the  Chagres  have  been  recorded.  Considering  the  maximum 
discharge  per  second  of  time,  there  is  no  doubt  that  the  present 
flood  surpassed  all  previous  ones  in  magnitude."  (Mr.  Arango 
here  refers  to  floods  actually  gaged,  not  including  the  flood  of 
1879,  in  which  only  extreme  heights  were  recorded.)  "If,  on 
the  other  hand,  we  accept  48  hours  as  the  period  of  danger  at 
Gamboa,  with  the  object  of  comparing  these  great  rises  with  a 
view  of  regulation  before  admitting  them  to  the  waterway,  we 
must  conclude  that  in  magnitude  it  fell  below  the  floods  of  1885 
and  1888,  due  to  the  shorter  duration  of  its  high  stage  at  the 
station. 

"At  Bohio,  the  conditions  were  different,  the  rise  and  fall 
being  more  gradual,  as  the  lower  tributaries  contributed  well 
towards  the  flood,  and  the  reserve  volume  stored  in  the  flooded 
areas  of  the  lower  sub-basin  maintained  its  duration  during  a 
long  period,  making  the  resulting  figures  of  our  estimates  far 
above  those  obtained  by  General  Abbott  on  this  subject."  (Mr. 
Arango  here  refers  to  floods  actually  gaged,  not  including  that 
of  1879,  of  which  only  extreme  heights  were  recorded.)  "The 
only  flood  approaching  it  in  magnitude  at  Bohio  was  the  flood 
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of  1888,  which  during  a  period  of  33  hours  discharged  at  the  rate 
of  73,320  cubic  feet  per  second,  while  for  the  same  period  the 
present  flood  discharged  84,956  cubic  feet  per  second." 

Flood  of  1909 :  Two  great  floods  occurred  during  this  year, 
the  hydrology  of  which  cannot  be  better  described  than  to  quote 
from  the  report  of  Mr.  C.  M.  Saville,  Assistant  Engineer  in 
charge  of  the  Third  Division : 

"Flood  conditions  existed  during  about  half  the  month  of 
November,  the  maximum  elevation  at  G-amboa  being  72.6  feet 
on  November  19,  1909,  nine  feet  below  the  flood  of  December, 
1906.  This  flood  carried  the  highest  water  at  Gatun,  where  an 
elevation  of  21.5  feet  was  reached.  This  extreme  height  was 
caused  by  previous  rainy  conditions  which  had  caused  the  water 
to  back  up  at  Gatun,  so  there  was  already  high  water  at  that 
station  before  the  freshet  rains  of  this  period.  At  this  time,  it 
is  estimated  that  an  area  of  32.47  square  miles  was  flooded  with 
a  volume  of  9,652,277,000  cu.  ft.  At  Vigia,  the  observer  was 
obliged  to  abandon  his  house,  and  the  water-stage  register  was 
flooded.  Accurate  records  were  kept,  however,  by  staff  readings 
during  the  time  the  automatic  register  Was  out  of  commission. 
At  Gatun,  the  washing  away  of  construction  railway  trestles 
destroyed  the  automatic  register,  but  river  elevations  were  taken 
from  staff  gage.  About  two  and  one-half  times  the  usual  amount 
of  water  for  the  period  passed  this  station  during  the  flood,  which, 
if  all  had  been  retained,  it  is  estimated  would  have  raised  the 
elevation  of  Gatun  Lake  to  about  elevation  48.8  above  sea  level, 
or  about  one-third  full.  (Gatun  Lake  maximum  elevation  -f-  87.) 
If  the  total  discharge  from  January  1, 1909,  had  been  impounded, 
Gatun  Lake  would  have  been  filled  by  the  middle  of  October  and 
almost  half  as  much  wasted.  The  maximum  height  at  Lagartera 
on  the  Trinidad,  which  occurred  simultaneously  with  that  at 
Gatun,  was  elevation  24.05,  about  2.50  feet  higher  than  the  crest 
at  the  latter  point,  which  gave  a  drop  of  less  than  one-quarter  foot 
per  mile.  This  condition  resulted  in  the  retention  of  the  run-off 
above  Lagartera,  so  the  maximum  discharge  at  this  station,  4,200 
cu.  ft.  per  second,  occurred  some  time  subsequent  to  the  maximum 
height. 

' '  Three  important  freshets  occurred  during  December.  The 
first,  which  was  due  almost  entirely  to  rainfall  in  the  Chagres 
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basin  above  Vigia,  was  reported  from  that  station  on  the  morn- 
ing of  the  6th  and  the  river  reached  almost  the  same  elevations 
at  Vigia  and  Alhajuela  as  were  reached  by  the  flood  of  the  pre- 
vious month,  but  at  the  other  stations  in  the  river,  the  elevations 
were  from  four  to  seven  feet  lower  than  those  of  the  previous 
month. 

"The  greatest  flood  of  the  year  began  on  the  26th.  The 
river  rose  rapidly,  and  within  eight  hours  after  the  beginning 
of  the  rise  at  Vigia,  the  observer 's  house  and  water  stage  register 
had  been  washed  away.  The  register  at  Alhajuela  similarly 
suffered,  and  telephone  communication  was  interrupted.  The 
crest  passed  Alhajuela  at  elevation  121.0,  two  feet  higher  than 
the  crest  of  the  flood  of  December,  1906.  At  Gatun,  the  elevation 
of  this  crest,  which  passed  one  and  one-half  days  later,  was  19.5, 
as  against  21.5  reached  by  the  November  flood.  The  greatest 
previous  flood  of  authentic  record  was  that  of  December,  1906, 
and  the  following  comparisons  are  given  of  gage  heights  and 
discharges : 

December,  1906*  December,  1909t 

Max.  Max. 

Station        Elev.  Crest         Discharge  Elev.  Crest  Discharge 

Alhajuela  119.3  92,100  121.0  170,000 

Gamboa   81.6        ,■-',,      76,066  78.2  168,000$ 

Bohio   38.6  '       108,026  ■       •  38.7  90,000§ 

Gatun  : '.  •  19.6  63,400§ 

Note: — Elevations  are  in  ft.  above  mean  sea  level,  and  discharges  in 
cu.  ft.  per  sec. 

"Before  the  high  water  of  this  flood  had  subsided,  another 
freshet  occurred  on  the  30th  and  31st,  the  crest  of  which  reached 
112.0'  at  Alhajuela,  32.1' 'at  Bohio,  and  17.7'  at  Gatun.  Much 
territory  was  flooded  during  all  these  rises,  and  during  the  high- 
est water  travel  was  interfered  with  on  the  Panama  Railroad, 
due  to  submergence  of  tracks ' '. 

*  From  Abbott 's  Problems,  Panama  Canal,  page  149. 

fGagings  and  observations  by  Third  Division,  Office  of  Chief  En- 
gineer. 

%  Estimated  from  Alhajuela  discharge  and  observed  conditions  at 
Gamboa. 

§  The  comparatively  small  discharge  at  these  stations  is  due  to  regula- 
tion of  runoff  by  poundage  in  Gatun  Lake  area.  This  is  shown  by  inspec- 
tion of  curve  on  plate  35.    . 
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Flood  of  1910:  The  flood  of  December  3,  1910,  was  the 
greatest  that  had  occurred  since  the  beginning  of  the  formation 
of  Gatun  Lake. 

The  entire  discharge  at  Gatun  passed  through  the  spillway 
of  Gatun  Dam,  but  on  account  of  a  log  jam,  no  accurate  measure- 
ments could  be  obtained.  The  maximum  height  at  Alhajuela 
was  108.7  ft.,  with  a  discharge  of  60,300  cu.  ft.  per  second. 

Flood  of  1911 :  This  flood  occurred  on  February  12th  and 
13th,  during  the  dry  season.  The  maximum  height  at  Alhajuela 
was  105.5  ft.,  with  a  discharge  of  43,600  cu.  ft.  per  second;  the 
average  rate  of  discharge  for  the  twenty-four-hour  period  being 
17,280  cu.  ft.  per  second. 

Flood  of  1912:  After  having  had  two  freshets  on  the 
Chagres  on  the  26th  and  27th  of  November,  a  third  rise  started 
at  7 :00  p.m.  on  the  27th,  the  elevation  at  Alhajuela  being  96.3  ft. 
The  crest  passed  at  1 :30  p.m.,  the  28th,  maximum  elevation  108.4 
ft.,  with  discharge  of  58,000  cu.  ft.  per  second. 

This  freshet  compares  closely  with  that  of  December,  1910, 
being  the  largest  since  that  date. 

Comparison  of  Freshets  of  Large  Moment. 

December,  1909  December,  1910  November,  1912 

Discharge  Discharge  ' 

Elev.  ft.  Elev.  ft.       cu.  ft.  sec.  Elev.  ft.       cu.  ft.  sec. 

Alhajuela 121.0  108.7  60,300  108.4         58,000 

Run-off. 

The  relation  of  rainfall  to  run-off  depends  upon  numerous 
factors  discussed  below,  but  it  may  be  said  in  general  that  the 
least  run-off  occurs  in  loose  and  well  drained  sandy  soil  having 
a  large  storage  capacity,  and  the  greatest  in  hilly  and  mountain- 
ous regions.  It  is  evident  that  hilly  and  mountainous  land  will 
have  a  greater  rate  of  run-off  during  storms  than  flat  land,  and, 
in  fact,  this  difference  is  very  marked  in  many  instances.  On  the 
Isthmus  of  Panama  three  characteristic  divisions  may  be  noted. 

First,  in  the  rugged  or  precipitous  mountain  or  hill  land, 
from  which  the  run-off  is  torrential.  Here  the  streams,  which 
form  narrow  gullies  between  ranges  of  hills,  have  steep  channel 
slopes,  and  the  water  which  falls  as  rain,  finds  its  way  to  gullies 
and  water  courses,  and  within  a  few  hours  after  falling  is  in 
the  main  channel  on  its  way  to  the  outlet. 
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33900  29670  3390C  35670  49800  80660 
180111  2543U  19C7M  363811  2543k  392011 
22250  21541!  2154H  204811  247211  38850 
28610  31080  29310  2931G  33900  35320 
32140  31433  19070  24490  39660  17310 
2225?  3284F  2402?  2649?  2931?  2260? 
190?  2825?  2154?  3214?  2967?  2296? 
1976?  2437?  2931?  2755?  4768?  3037? 
2119     2331     2366     3214     3149     1636 


2190 
442 

711 

652 

692 

1110 

3140 

1689 

371 

501 

468 


3108  3176 

2*77  1579 

1246  2207 

3019  3242 

4225  2955 

2639  3.07 

3300  4090 

4420  4400 

2609  2359 

2592  2580 

2006  2530 

1399  2066 


2790 
2634 
1722 
2783 
3904 
3710 
3660 
4339 
1830 
2653 
2802 
4334 


2755  4009  5474 

2031  4143  2350 

2*68  2267  1265 

2080  3433  7263 

4563  3666  2896 

3611  6400  4123 

9665  11300  17300 

4398  4490  5964 

2407  3553  1391 

3040  5641  3058 

2663  6168  2328 

5135  3604  3213 


Kein 

3195 
2326 
3308 
2775 
2690 
2122 
2069 
2192 
2296 
2051 
1637 
1961 
2276 
2306 
2319 
1512 
2228 
2862 
2538 
5010 
4102 
2195 
2100 
2225 
2269 


T*ar    Jam.     Feb 


watorehed  Area  .  427  So..  Ml. 


Annul 


TABLE  28. 


£££°1A£A£    XA11Z 

A1HAJP1IA 


Inoheo  on  laterahed 


StTra.  2m     1223       743      1052      2227     2932     2823     2946      2935     3256     431'      4253       2623        aiSTre.B.lO 


*  Monthly  oaano.     0     Prom  GaznboaiAlhaJuela  ratio, 
u  bu  of  aeanred  discharges.     ?  ?roa  formulas. 


Taw     An.    ?eb.    Mar.    Apr.      May     June      July       Aug. 


i'atorj'.od  An*  -  427  So.  D. 


Hot.     Dm. 


5.91 


11*0 

6.766  2.666  2.47*  2.(0* 

6.779  10.610  11.056  11.629 

19.666 

16.260     7.649  12.098  102.077 

1691 

4.197  1.8*6  1.967  1.106 

7.146 

4.706 

7.724 

6.716 

6.002 

9.154  14.664  10.491 

74.949 

1692 

9.147  2.11*  2.1*0  4.42* 

ll.SU 

6.917 

16.253  12.498 

6.660 

11.209  14.401  11.466 

106.879 

1893 

4.66*  4.061  2.767  6.270 

6.295 

(.969 

7.332 

9.730 

7.754 

7.724     9.046  16.601 

68.500 

1694 

7.692  9.170  2.0*6  1.579 

2.869 

4.429 

9.164 

8.013 

6.859 

9.627  13.017  21.6S4 

92.965 

KM 

7.262  9.010  2.006  2.39* 

4.001 

5.944 

4.966 

6.871 

4.987 

9.823     6.650  10.684 

67.602 

1894 

6.669  2.675  1.626  3.325 

6.871 

6.813 

6.007 

5.822 

5.634 

5.622     6.460  10.491 

66.829 

1897 

3.620  1.29*  1.U1  1.471 

6.767 

4.708 

7.724 

8.S9S 

7.664 

7.909     8.859     9.534 

70.021 

16*6 

8.666  3.020  2.2*4  3.97J 

6.061 

6.724 

8.681 

8.485 

4.987 

7.146  10.S31     4.669 

73.236 

UN 

7.262  1.896  2.096  2.809 

-4.269 

5.6S4 

6.007 

8.866 

6.270 

7.146     7.664     6.099 

65.521 

1*00 

4.269  1.979  1.430  1.473 

3.620 

4.061 

6.914 

7.621 

5.634 

8.681     7.764     6.209 

68.659 

1*01 

2.675  1.636  1.245  1.194 

4.197 

4.61* 

6.SS6 

6.669 

7.664 

7.436  12.462     6.197 

63.125 

1902 

11.446  3.109  2.190  4.429 

6.716 

6.724 

6.718 

6.296 

6.161 

8.681     8.212     4.957 

72.656 

1903 

3.055  2.072  1.937  1.473 

3.724 

5.043 

6.393 

6.57* 

7.266 

7.496  10.476  14.782 

73.  ,55 

1904 

6.106  4.012  2.671  5.724 

4.911 

6.940 

7.229 

4.166 

7.40* 

5.466  10.622     6.341 

7..317 

1*05 

3.626  1.896  1.966  1.160 

6.  211 

4.162 

3.S66 

5.960 

4.496 

7.262     5.924     3.413 

48.223 

1906 

1.645  1.500  1.176  1.663 

2.963 

3.659 

8.151 

8.750 

7.274 

5.616     6.970  19.666 

71.962 

1907  10.760  3.356  2.732  1.707 

6.764 

7.610 

11.414 

7.976 

10.197 

12.964  10.0*7     7.617 

92.03* 

1906 

2.709  1.467  1.679  1.661 

7.010 

6.779 

7.126 

8.116 

9.696 

9.769  16.728   11.137 

82.649 

1*0* 

10.(06  6.061  9.124  2.901 

6.537 

12.731 

8.912  11.045 

9.906 

9.692  29.646  46.714 

169.694 

1*10 

12.636  6.998  4.993  8.212 

14.092 

6.647 

11.942 

11.682 

11.996 

11.870  11.722  16.107  190.697 

1911 

4.427  6.634  2.375  4.418 

7.526 

7.631 

7.044 

6.964 

4.766 

6.602     9.265     9.766 

69.650 

1912 

1.963  1.905  1.031     .970 

4.642 

4.  ess 

6.998 

6.963 

7.469 

9.209  14.482     6.155 

67.004 

1913 

4.642  2.674  1.877  1.310 

6.634 

6.210 

5.419 

6.825 

7.S19 

7.159  16.111     6.269 

70.679 

1914 

3.52*  2.010  1.430  1.227 

5.634 

6.445 

S.781 

6.660  11.929  19.669     9.941     6.670 

72.1*0 

26IM. 5.602  2.999  2.009  2.761     6.012     6.090     7.622     7.959     7.670     6.790     11.266  11.483     60.521 


TABLE  29. 

0  A  ■  9  0  A 

Oeelo  toot  por  Second  Watershed  Area  -  66*  So..] 

Toar     An.     Fob.     hr.    Apr.    May    lou    July    Ang.     Sept.  Oot.    Iot.     Dm.      Bonn 


TABLE  30. 

£ 1 £  £ fi *  H ££       I  4  BIS 

auici 

Onblo  feet  por  Second  por  So.  HI.  Watershed  Area  -  559  Sq.  HI. 

Tear    Jan.     ?eb.     liar.     Apr.    May      June    Jul;    Aug.     Sept.  Oot.     Nov.     Deo.      Mean 


1)90 

2766 

1342a  1095a  1069 

4178 

6999 

1S91 

*0*6a    *64a 

1    600m 

1     880b  8461a  2366b 

1192 

1619b  1098a 

1    969b  2046a  6509 

SAN 

1693 

2296 

•019 

123* 

8*81 

3037 

921* 

1*94 

3706 

629 

98* 

742 

1877 

tus 

IMS 

3632 

14*8 

1095a  1180 

9461 

8178 

KM 

2225 

1110 

696a  1941a  4450b  41M 

11*7 

ITAOa  11*0 

484a 

671 

8264a  28*61 

19*1 

490* 

1468 

1024 

1696 

•471 

26*1 

1199 

3496 

954 

•54 

1069 

1907 

2472 

1900 

1695 

612 

990 

566 

1941 

1*41 

1901 

1024 

671 

46* 

45* 

1766 

1041 

1902 

6227 

186* 

1014 

1942 

26*6 

•6*6 

1*03 

1626 

918 

70* 

706 

151* 

1164 

1904 

4192 

1401 

16*6 

2661 

1178 

8078 

1906 

1667 

1081 

8*4 

709 

2188 

20*1 

1906 

1010 

719 

610 

649 

1916 

1949 

1907 

2996 

1297 

1011 

667 

1446 

167* 

190« 

1230 

710 

710 

780 

9410 

2910 

1909 

4990 

40*0 

1*10 

1980 

3180 

6410 

1910 

6160 

3600 

1*60 

9690 

6670 

4360 

1911 

1766 

2342 

»7« 

1766 

9176 

3020 

6403a  6666a  6616a  6498m  3956a  6896a 
3779a  8790b  9037b  4450b  7467b  8121b 

7416  6075     4379     5929     7240     6075 

3567  4782     8666     3744     4656     6062 

4450  8688     4460     4697a  6534al0630a 

•078  4061     88*0     4*44     8692     977* 

•831  2331a  2719b  2664b  9249     5121b 
1  8779b  40*7b  8850b  3650     4480     4626 

4188  4132     2643     9461     81*2     2296 

•826  4238     8178     3390     3744     2649 

9956  9667     9079     4620     4061     2684 

11*0  1661     9696     3702     6746     3143 

8002  27*0     1*91     4416    47S2     2190 

9920  4844     46*7     3*66     5721     7028 

8271  2142     8822     2974     4661     2711 

1664  2613     2231     3480     2666     1635 

9695  4197     3761     2782     6252     7766 

6660  96*0     5140     6030     6090     3810 

3470  99*0     4660     4760     8420     5620 

4940  6860     4660     4620  14870  22760 

5820  8790     6710     6790     5652     6078 


417* 
SO  62 
4314 
8605 
3690 
6066 
274* 

2669 
2967 
2572 
234* 
2392 
2970 
3058 
2993 
19U 
2689 
3316 
3416 
6614 
6295 

2617 


1912      601       642       966       972     1777     2161     9191     9190     9694     4249     6934     3309       2636 
2Rn.*691     1429       430     1311     1*18     8028     98**     8*90     9660     4279     6*27     6517       327* 
■  -  Deaotee  aaan  of  all  gaging*  during  south. 


1690 

4.92 

2.40 

1.96 

1.90 

7.64 

9.5* 

9.67 

10.18 

12.20 

11.61     7.07 

10.54 

7.47 

1891 

5.66 

1.71 

1.07 

.95 

6.19 

4.28 

6.76 

4.99 

5.43 

7.96  13.40 

9.16 

5.46 

1692 

2.72 

1.96 

1.77 

3.66 

9.86 

6.26  13.27 

10.88 

7.e3 

10.60  12.95  10.88 

7.72 

1693 

4.11 

3.60 

2.21 

5.24 

5.43 

6.75 

6.36 

8.47 

6.95 

6.70     6.16 

14.40 

6.45 

1694 

6.63 

1.12 

1.71 

1.33 

2.46 

3.98 

7.96 

6.95 

7.96 

8.40  11.69 

19.02 

6.60 

1696 

6.32 

2.66 

1.96 

2.02 

6.20 

6.66 

5.6C 

7.27 

6.06 

8.64     6.32 

6.76 

6.47 

1696 

3.98 

2.02 

1.14 

2.40 

7.96 

7.40 

5.26 

4.17 

4.86 

4.60     6.81 

9.16 

4.91 

1897 

3.15 

2.02 

.88 

1.20 

8.87 

4.29 

6.76 

7.32 

6.86 

6.86     7.96 

6.27 

6.12 

1898 

7.70 

2.65 

1.S3 

3.28 

4.42 

5.12 

7.58 

7.39 

4.55 

6.20     9.29 

4.10 

5.34 

1899 

6.26 

1.71 

1.71 

1.89 

3.41 

4.42 

5.05 

7.58 

5.66 

6.06     6.70 

4.74 

4.60 

1900 

3.03 

1.46 

.91 

1.01 

2.40 

3.47 

6.00 

6.38 

5.50 

8.08     7.26 

4.60 

4.20 

1901 

1.83 

1.20 

.62 

.82 

3.16 

3.66 

5.92 

5.12 

6.50 

6.62  12.07 

5.62 

4.28 

1902 

9.35 

2.84 

1.89 

3.47 

5.18 

5.?  8 

5.37 

4.99 

6.24 

7.90     8.47 

3.92 

5.31 

1903 

2.91 

l.fS 

1.27 

1.27 

2.72 

3.85 

5.94 

7.77 

6.40 

7.08  10.23 

12.67 

6.47 

1904 

7.39 

4.30 

3.03 

5.12 

4.07 

5.50 

5.65 

3.63 

6.84 

5.52     8.16  4.85 

6.36 

1905 

3.02 

1.94 

1.51 

1.26 

3.91 

3.74 

5.01 

4.67 

3.99 

6.2S     4.62 

3.28 

3.42 

1906 

1.82 

1.40 

1.09 

1.62 

3.43 

3.49 

6.86 

7.40 

6.76 

4.98     9.99 

13.66 

5.17 

1907 

6.26 

2.32 

1.81 

1.28 

2.69 

5.15 

9.96 

6.96 

9.20 

10.78     9.10 

6.62 

6.95 

1908 

2.20 

1.27 

1.27 

1.29 

6.10 

6.20 

6.20 

7.08 

8.73 

8.50  15.05  10.41 

6.11 

1909 

8.62 

7.22 

2.52 

2.42 

6.69 

11.46 

7.76 

9.62 

8.37 

8.62  26.60  40.71 

11.66 

1910 

11.01 

6.26 

3.54 

6.65  12.29 

7.60 

10.41 

10.36 

10.20 

10.36  10.11 

14.42 

9.47 

1911 

3.16 

4.22 

1.76 

5.14 

6.66 

5.40 

6.29 

4.98 

4.20 

5.94     6.68 

2.79 

4.68 

1912 

1.45 

.97 

.66 

.67 

3.18 

3.87 

5.60 

5.71 

6.43 

7.60  12.40 

5.92 

4.54 

Mean 

Hlir 

Y  ITI^ 

F/"\»W 

h\/ 

A/7// 

""***y"*  1 

poft^ 

23T*».4.61 

2.56 

1.66 

UkC 

UbbZ 

©47 

OsV 

Mil 

J.Q> 

SfQ/SsDes 

9.87 

5.86 

Inohea  on  watershed 

Tear      Jan.     ?eb.    Mar.    Apr. 


TABLE  31. 

£180HAR0I      JULI 
0  A  M  9  0  A 

Waterahed  Area  .  869  So.  Ml. 

bj      June      July      Ang.       Sopt.     Oot.      Iot.      Deo.     total 


1890 
1691 
1892 
1899 
1894 
1895 

ie96 

1897 
1898 
1899 
1900 
1901 

1902  10. 

1903  S, 

1904  8. 
1906  S. 

1906  2, 

1907  6. 
1906  2, 

1909  10, 

1910  12, 

1911  3, 

1912  1, 


672  2. 
120  1, 
136  2. 
738  S. 
644  1, 
266  2. 
669  2. 
692  2, 
877  2. 
206  1. 
498  1, 
UO  1. 
780  2, 
966  1. 
520  4. 
482  1, 
098  1, 
053  2. 
596  1, 
168  7, 
692  6, 
643  4, 
672  1, 


499  2. 

761  1 

114  2, 

749  2, 

166  1, 

769  2, 

179  1, 

109  1 

769  2 

781  1. 

520  1 

260  , 

957  2, 

718  1 

698  3, 

916  1, 

458  1. 

416  2, 

870  1, 

518  2, 

619  4, 

394  2, 

046  ; 


,2*0  2.120 
,284  1.060 
,041  4.068 
,546  5.646 
,971  1.484 
,260  2.264 
,314  2.678 
,016  1.899 
.110  3.669 
,971  2.109 
096  1.127 
,946  .916 
110  3.871 
.464  1.417 
,493  8.712 
,741  1.406 
.267  1.696 
,067  1.372 
464  1.499 
,906  2.700 
,061  7.648 
,018  9.608 
,788     .749 


6.608 
7.196 

11.367 
6.260 
2.6S6 
7.146 
9.177 
6.767 
6.096 
S.9S1 
2.767 
3.643 
6.972 
3.136 
4.692 
4.608 
3.954 
2.986 
7.099 
6.560 

14.169 
6.648 
8.6*6 


10.644 
4.71* 
6.979 
6.415 
4.440 
6.997 
6.256 
4.719 
6.712 
4.981 
9.871 
4.089 
5.779 
4.296 
6.196 
4.179 
9.694 
6.746 
5.602 

12.786 
8.702 
6.026 
4.318 


11.146 
7.7*4 

16.2*7 
7.366 
9.177 
6.941 
6.059 
7.794 
6.799 
6.822 
6.917 
4.519 
6.191 
6.646 
6.744 
9.470 
7.909 

11.470 
7.146 
6.946 

12.002 
7.292 
6.466 


11.736 
5.759 

12.546 
9.766 
8.019 
6.992 
4.808 
6.49* 
6.520 
6.799 
7.966 
6.909 
6.769 
6.966 
4.416 
5.384 
8.591 
8.024 
6.162 

11.0*1 

11.9*2 
5.741 
6.668 


13.610 
6.086 
6.796 
7.754 
8.661 
6.761 
6.422 
7.676 
6.076 
6.337 
6.136 
7.282 
6.846 
8.872 
7.691 
4.462 
7.542 

10.26* 
9.740 
9.336 

11.980 
4.686 
7.174 


19.862 

8.177 

12.220 
7.7S4 
9.664 

10.192 
6.694 
7.992 
7.148 
6.987 
9.915 
7.632 
9.108 
(.162 
6.133 
7.16S 
8.741 

12.426 
9.800 
S.S38 

11.942 
6.648 
8.76* 


7.866 

14.960 

14.446 

9.093 

13.039 

7.051 

6.462 

6.881 

10.366 

7,476 

8.100 

13.467 

9.450 

11.413 

9.104 

5.156 

10.476 

10.159 

16.796 

29.660 

11.2*1 

*.*64 

18.699 


12.16* 

10.5*0 

12.644 

16.600 

21.924 

7.794 

10.560 

9.684 

4.727 

5.466 

5.684 

6.479 

4.519 

14.494 

6.692 

3.781 

16.006 

7.868 

12.002 

46.99* 

16.624 

9.147 

6.825 


101.9U 
74.441 

106.604 
67.647 
90.269 
74,868 
67.082 
6*. 681 
72.7*6 
62.76* 
67.280 
66.1*8 
72.336 
74.632 
72.811 
46.461 
70.662 
•0.862 
68.191 

168.8*1 

128.977 
69.469 
61.684 


29Tra. 6.548  2.679  1.919  2.616     6.007     6.099     7. 


6.014     7.701     8.825  11.229  11.376     79.644 


TABLE  32. 

10 


TABLE  33. 

£11 £ H A H o £  I*lii 

'OHIO 


TABLE  34. 

JJISCharcs  tail* 

S  0  H  I  0 


Cubic  ?oet  per  Second 


Watershed  Are*  -   779  So.   Ml. 


Tear     Jin,     yet.     Mar.     Apt.     May      Jane    Julr        Ana.     sapt. 


1690  4132* 

1891  2684k 

1892  23310 

1893  36320 

1894  7063k 

1895  4556k 
1894  4T32K 
1197  2048k 

1898  66517 

1899  38507 

1900  21191 

1901  1483? 

1902  112317 

1903  1625? 

1904  49441 

1903  1942 

1904  U36 

1907  3339 

1908  1291 

1909  4390 

1910  Olio 


Oct. 


15540 
1377m 
14713 
23310 

leoui 

137711 
1SS4K 
16891: 
1495? 
17311 
10691 

9897 

2004? 

10-4? 

2331? 

989 

864 

1396 
681 

3580 

3080 


12710 

6O0MI 
11650 
14480 
104511 
1059k 

863k 

7C6k 
1096? 

989? 

742? 

706? 
12717 

636? 

14137 

706 

611 

1002 
686 

13  2S 

18TB 


12960 

60OM 

23660 

34260 

77711 

105911 

1695k 

8831 

20137 

10967 

T067 

3667 

21647 

6667 

36387 

600 

1002 

6T4 

666 

1185 

3760 


66690  81930 

63330  32141 

84760  64390 

46620  494411 

3355V  4273k 

4167M  4309k 

494411  4203k 

7982k  4103k 

26847  33557 

20487  31437 

16267  28617 

2296?  2790? 

4273?  3178? 

1619?  26437 

309T     4TSI 

2816     2649 

2162     2672 

1864     9668 

9894     9191 

9225     7010 

7470      6950 


83000 

4803k 

114070 

7628k 

6216k 

4591k 

3143k 

6121k 

65697 

59567 

66167 

31787 

30377 

4026? 

4620 

1907 

6920 

4662 

9626 

9690 

9960 


:iln.  371*     1664       969     1336     3844  4029       9191 

1MB 

Jllra.  3890     1636     1006     1451     401*  4117       6991 

•  1890  -  1909  InolualTe 


87690 

4521k 

93590 

10772k 

6498k 

6922k 

3496k 

7275k 

6298? 

57217 

62627 

4309? 

3390? 

64747 

9178 

3884 

6356 

3952 

6491 

6600 

T910 

6826 

5926 


Hot.       Peg,      las 


Cublo  ?Mt  per  Second  per  3q.  ill.  Waterehed  AM  -  779  3q.  u. 

Tear    Jan.     Pa*.     Iter.     Apr.     uay        June      July      Aug'       Sept.     Oot.       Iot.       DM.       lie* 


Inches  on  Watershed 

Tear      Jan.     Feb.     Lax.    Apr.      IS; 


Mat or shod  Area  .  779  6a.   kl. 


June      July 


104890 

46610 

67460 

766411 

7462k 

579211 

5933k 

6887k 

3214? 

42387 

47687 

67927 

3920? 

66867 

6674 

3965 

4657 

6664 

5599 

6990 

8010 


99950 

68510 

91120 

85821! 

9369k 

6922k 

6367k 

T4871 

6050? 

4944? 

69937 

6322? 

59337 

65807 

4909 

6967 

4078 

T842 

9996 

8230 

7840 


60(60 

115140 

111260 

11443K 

12714k 

607611 

759311 

695711 

78407 

6296? 

66067 

132447 

6675? 

83357 

7628 

4731 

7826 

54*3 

9616 

11990 


90760 

78760 

93690 

18541k 

12573k 

6967k 

6039k 

6816k 

28617 

36027 

37*4? 

45917 

30027 

10489? 

4131 

I860 

10664 

3358 

6046 

19900 


6807     6863 
5912     6900 


•Ml      6769 
•901*     7569' 


6904 

4603 
6519 
7081 
6098 
4483 
4214 
4830 
3944 
3384 
3509 
9866 
4179 
9969 
4261 
2894 
4078 
3670 
9911 
TUB 


4697 
4711 


1890 
1891 
1892 
1893 
18*4 
1896 
1896 
1897 
1898 
1699 
1900 
1901 


6.31 
3. 46 
2.99 
4.64 

9.07 
6.86 
6.08 
2.63 
7.16 
4.94 
1.72 
1.90 


1902  14.42 

1903  1.09 


1904 
1906 
1906 
1907 
1906 
1909 
1910 
Uaaa 
21Trs.4.91 


6.94 
1.49 

1.72 
4.29 
1.64 
6.64 

7.91 


1.00 
1.77 
1.69 
1.99 
1.31 
1.77 
2.00 
1.04 
2.18 
2.22 
1.36 
1.17 
2.68 
1.91 
2.99 
1.27 
1.11 
1.79 
.67 
4.60 
9.95 


1.69 

.77 

l.BO 

1.86 

1.34 

1.96 

1.19 

.91 

1.41 

1.17 

.96 

.91 

1.69 

.92 

1.81 

•  91 

.78 

1.29 

.79 

1.70 

2.41 


1.99  8.49 
.77  6.94 
9.04  10.99 
4.40  9.99 
1.00  4.91 
1.96     5.99 

2.18  6.39 

1.19  10.24 
1.69     5.49 


1.41 
.91 
.47 

1.77 
.79 

4.67 
.77 

1.29 
.86 
.86 

1.61 

4.69 


2.69 
2.09 
2.96 
6.49 
1.96 
3.90 
3.69 
2.76 
1.36 
6.00 

4.14 
9.69 


10.61 
4.13 
6.99 
6.39 
6.49 
6.69 
6.40 
5.40 
4.31 
4.04 
3.67 
3.58 
4.09 
9.26 
6.08 
3.40 
3.43 
4.70 
4.01 
9.00 
7.64 


10.66 
6.16 

14.65 
9.79 
7.96 
5.90 
4.04 
6.69 
8.44 
5.06 
7.10 
4.08 
9.90 
6.17 
6.80 
1.45 
7.60 
5.99 
4.69 
7.93 

12.00 


11.29 
9.90 

12.01 

13.81 
8.94 
8.68 
4.49 
9.34 
6.80 
7.94 
6. 76 
6.63 
4.38 
7.03 
4.09 
4.99 
8.16 
6.06 
7.06 
9.47 

10.16 


13.47 
5.99 
8.66 
9.64 
9.66 
7.44 
7.61 
9.94 
4.19 
6.44 
6.12 
7.49 
5.09 
7.90 
9.97 
6.09 
7.00 
7.17 
7.19 
7.11 

10.29 


12.82 

8.79 

11.69 

11.02 

12.01 

8.89 

6.16 

9.61 

6.46 

6.99 

8.98 

8.11 

7.61 

7.16 

6.90 

6.91 

9.14 

10.07 

7.13 

10.96 

M.OT 


7.90 

14.78 

14.26 

14.69 

16.32 

7.90 

9.76 

8.99 

10.07 

6.90 

9.49 

17.00 

8.67 

10.69 

9.79 

6.08 

10.04 

6.99 

12.11 

27.44 


11.64 

10.11 

11.01 

13.81 

16.14 

8.99 

7.79 

8.75 

9.67 

4.61 

4.90 

6.69 

3.86 

19.47 

6.30 

3.67 

13.66 

4.91 

6.49 

26.42 


8.09 
6.78 
8.36 
9.09 
7.82 
9.76 
6.41 
6.20 
8.07 
4.34 
4.60 
4.93 
6.36 
6.08 
6.47 
3.64 
6.29 
4.68 
4.92 
9.40 


•Monthly  kaan.     0  OaabeaiBohlo  ratio. 
V  law  of  Measured  Dischargee.      ?  From  Ponuilae. 


2.10  1.29  1.96  5.16   6.28   6.92   7.60   7.59   6.86  11.43*  9.72*  6.06 


•  1890  -  1909.  inclusive. 


I 


1690 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1906 
1909 
1910 


6.122 
3.977 
3.447 
5.234 

10.457 
6.744 
7.010 
3.031 
8.370 
5.695 
3.136 
2.190 

16.624 
2.410 
7.309 
2.871 
1.983 
4.946 
1.891 
6.602 
9.119 


2.063 
1.643 
1.756 
3.114 
2.406 
1.643 
2.167 
2.114 
1.170 
2.312 
1.416 
1.322 
2.791 
1.364 
3.215 
1.312 
1.156 
1.664 
.938 
4.790 
4.654 


1.879  1.774 

.888  .859 
1.729  3.392 
2.144  4.909 
1.646  ,1.116 
1.568  1.617 
1.303  1.432 
1.049  1.261 
1.626  2.890 
1.464  1.673 
1.095  1.015 
1.049  .524 
1.879  3.090 

.946  .814 
2.087  6.210 
1.049     .659 

.899  1.439 
1.467     .960 

.666  .960 
1.960  1.696 
2.669  6.566 


9.719 
7.686 

12.54C 
6.906 
4.967 
6.166 
7.321 

11.604 
3.977 
3.032 
2.410 
3.401 
6.329 
2.246 
4.496 
4.186 
3.182 
2.744 
5.764 
4.773 

10.700 


11.722 
4. '608 
7.768 
7.065 
6.114 
6.170 
6.025 
6.026 
4.609 
4.607 
4.095 
3.994 
4.552 
3.637 
6.763 
3.793 
3.827 
9.244 
4.485 

10.041 
8.606 


12.280 
7.102 

16.890 

11.287 
9.200 
6.602 
4.656 
7.686 
9.730 
5.8»7 
8.301 
4.704 
4.496 
6.960 
6.687 
2.625 
8.762 
6.906 
5.961 
8.336 

13.830 


Aug.     Sept. 

12.946  15.027 
6.687     6.672 

13.842     9.662 

15.946  10.978 
9.616  1C.666 

10.236     8.301 


Oot.      Sov.       Deo.     Total 


6.176 
10.766 
7.840 
81462 
7.782 
6.376 
5.015 
8.105 
4.704 
6.753 
9.408 
5.857 
8.128 
9.765 


8.502 
9.963 

4.608 
6.069 
6.828 
8.190 
6.612 
6.146 
9.662 
5.668 
7.810 
8.U1 
8.021 
7.944 


11.701  11.466 


14.762 

10.134 

13.478 

12.704 

13.842 

10.238 

9.408 

11.079 

7.471 

7.321 

10.953 

9.361 

9.773 

8.255 

7.263 

10.184 

6.041 

11.607 

6.120 

12.176 

11.607 


6.702 
16.488 
15.926 
16.389 
18.212 

8.702 
10.876 

9.963 
11.237 

7.587 

9.461 
18.970 

9.562 
11.929 
10.923 

6.763 
11.104 

7'799 
13.621 
30.61* 


13.418 

11.652 

13.642 

27.451 

18.608 

10.295 

6.936 

10.088 

4.231 

8.326 

6.534 

6.791 

4.439 

15.527 

6.110 

4.231 

15.766 

4.969 

7.471 

29.304 


110.494 

78.796 

114.302 

124.147 

106.749 

78.686 

73.806 

84.642 

69.069 

59.206 

61.426 

66.971 

73.162 

69.339 

74.359 

49.623 

71.479 

62.494 

65.726 

127.900 


2Ura  5.670  2.122  1.496  1.099     9.991     9.910     7.979     8.767     9.467  10.109  12.748'11.200«  91.671 
•  1990  -  1*0*.   lnolualve. 


TABLE  35. 

DISCHARGE   TAIL* 
0  A  T  0  I 


TABLE  36. 

DISCHARGE       TABLI 
0  A  T  U  H 


TABLE  37 


DISCHARGE   TABLE 
0  A  T  U  I 


Cable  Feet  per  second. 


watershed  Area  -  1320  Square  lilies. 


Cubic  Feet  per  Second  per  Square  Mile. 


Watershed  Area  -  1320  .Square  klle*.  Inchee  on  TIatorehed 


Batershed  Area  -  1920  9quur*  lilies. 


Tear      Jan.     Feb.  March    Anrll    kaj.       June      Julr      am.     Sent.      Oct.      »ov.      Deo.      Mean  Tear      Jan.     Feb.    Mar.    April    Kay. 


tear     Jan.        Feb.     Mar.  Anrll     May         June       July     August     3CPt.     Oct.       lor.       Dec.  total 


26  Tr     6626     2*47     1481     2123       6971       6466       8028       8984       9175     11022     14090     11263       7214 

Jaguar?  1690  to  April  1907  from  (Bohio  Discharge)   z  (1.62). 

K»j  1907  to  April  1908  from  (Behloi Trinidad Watun  Hirer)  z  (1.10). 


Mean 
25  Tr 


kaan 


4.26     1.66     1.12     1.61      4.46       4.90       6.06       4.06       6.96       6.96     10.69       8.99     9.46  25  Tr  4.913  1.941  1.293  1.793     5.129     5.466     7.013     7.946     7.757     9.627  11.910     9.832     74.511 


Digitized  by  Microsoft® 


Tear  Jan. 
1907 

1908  355 

1909  1S98 

1910  1940 

1911  1000 

Means 

(•irr)  1174 


TABLE  38. 

DISCHARGE        TABLES 
liinin      RIVER 

IIV»«  Urgtrtti*  Station,     Watershed  Are*  •  514  So,.  HI.) 

Cub lo  Feet  per  Second 

Feb.     Mar.     Apt.       May    Jane    July    Auk.  Sot.     Oct.  Hot.     Pep.     lioan 

556   1097   985   846  1534  3144  2076  1135 

186   131   105   946  1116  1027  1939  1853  1825  2359  1631  1123 

988   365   210   782   1870  1760  2165  1940  >2580  2660  2470  1698 

840   565  1260   1880   I960  2000   1500  1900  2000  2600  2200   1713 
30C   170   190 


578   308   439   1041   1516  1443  1610   1757  2387  2399   1859   1376 


Ten 

1907 
1908 
1909 
1910 


TABLE  39. 

DISCHAKCE   TABLES 

onui     inn 

(AbOTC  Monte  Llrlo-old  station,  Watershed  Area  :  127  Sq.  III.) 

Cublo  Feet  per  Seoona 

Jan.     ret,     ear.     Apr.       Mar    Jane    JjjIx    Ann.  Sep.  Pot.  Hot.  Deo.  Mean 

316       622       839       604  1183  1268  935  600 

169         84         57         40       533       460       708       788  675  983  1821  627  578 

615       470       157       114       454     1170       848       780  950  1160  2450  2600  979 

805       440       270       550      '950     1140     1400     1500  1160  1290  1600  2500  1117 


526       531       161       235       665       848       949 


Ml 


967     1176     1702     1582       827 


(SMTrl 


Tear 

1907 
1905 
1909 
1910 
1911 

Leans 
(4irl 


Jan.     Teh.     liar.     Apr.       May 


Cubic  Feet  per  Seoond  per  3q.  Ml. 


1.13 
4.45 

6.16 
3.18 


.59 
5.15 
2.67 

.96 


.42 

1.16 

1.80 

.54 


.33 

.67 

3.98 

.60 


Uaj 

1.77 
3.01 
2.49 
5.99 


June 
3.49 
3.56 
5.96 

6.31 


Mb 

3.14 

3.27 
6.60 
6.37 


2.69 
6.18 
6.86 
4.78 


Sep.     Qot. 

4.25  10.02 
5.90  6.61 
6.18  8.22 
6.05     6.37 


(SA4Tr) 


Cublo  Feet  per  Seoond  per  So*  Ml. 

Apt.      May  June  July  Aug.  Sep.  Qot.  Hot.  Deo.  Mean 

2.48  4.90  6.61  4.76  9.32  9.97  7.37  4.72 

.32     4.20  3.62  5.58  6.21  6.52  7.74  14.54  4.94  4.56 

.90     5.58  9.21  6.68  6.15  7.55  9.15  19.30  20.46  7.71 

4.33     7.48  8.97  11.02  10.23  9.13  10.15  12.60  19.68  6.79 

4.14     2.61     1.27     1.85     4.44  6.68  7.47  6.84  7.78  9.26  13.40  12.46  6.52 


Tear 

Jan. 

Feb. 

¥Mi 

1907 

1908 

1.25 

.66 

.45 

1909 

4.84 

5.70 

1.24 

1910 

6.54 

5.47 

2.12 

3.74      1.84        .96      1.40     5.32     4.83     4.60      5.13     5.60      7.60     7.61     5.92     4.38 


Inches  on  Watershed 

Tear  Jan.  Feb.  liar.  Apr.     May      June     July    Auk.  Sep.  Oat.     Hot.     Pee,  total. 

1907  2.041  3.894  5.620  3.101  4.742  11.552  7.241  4.162 

1908  1.303  .636  .464  .366  3.470  3.972  3.770  7.125  6.583  6.698  8.379  5.983  48.771 

1909  5.130  3.280  1.337  .748  2.671  6.660  6.456  7.909  6.895  9.477  9.450   9.073  69.276 

1910  7.125  2.780  2.075  4.440  6.906  7.040  7.344  6. Ell  6.760  7.344  8.881  8.082  74.278 

1911  3.666  l.OuO  .623  .669 


^eene 
(4Tr) 


Jan.     Feb.     Mar.  _Apr. 


Sen.       Qot.       Iot.      Pee.  Totals 


Inches  on  Wstershed 

Mar      June      Jul?      Aug. 

2.869     6.467     7.621     6.488  10.398  11.494     8.223     6.442 

357  4,842     4.0S9     6.433     7.169     6.9S6     8.923  15.998     6.696     62.054 

7.701     7.090     8.178  10.626  21.530  23.586  104.861 


1907 

1908  1.441     .712     .519 

1909  6.680  S.853  1.430  1.004  4.127  10.276 

1910  7.309  3.613  2.444  4.831  8.624  10.008  12.704  11.793  10.186  11.700  14.060  22.688  119.960 


Means  4.777  2.726  1.464  2.064  5.113 
(SMTr) 


7.448     8.615     7.882     6.674  10.661  14.953  14.565     66.7SO 


4.306  1.924   1.130   1.556  3.822  6.369  5.298  6.912  6.242     6.T68  8.468  6.625  69.660 


Digitized  by  Microsoft® 


TABLE  40. 

ElbOKAHGE  OF  CHaOKKS  RIVER.  25  YRS.  EKCORB 

1890  to  1914.  Inola. 

AXHA JUEL»-i>ra  i  hm  Area 

427  i'l.   Ml. 


Uean  '- 

3nthly  Dl 

Boharc-e 

'.-axlm-m 

Yew,   1909 

ISlnlnran  Year,   1905 

Ulalicun 

Sry  Reason. 

19X2 

For  25  Years 

kOnt^i 

lv  Discharge. 

•ccuciulatei  Dlschar.-to        i 

Uonthl?  Discharge 

acounul 

atod  Elic 

hjr.\tj       i 

IJoiit 

.1:,-  Diss 

harms 

1                ACCOiT 

-latad  SiBchar.» 

WONTH 

Total 

C.F.i. 
per  S4. 

mllo. 

Inchos 
run-off 

C.F.S. 

C.F.S. 
por  si. 

Kil«. 

Inches 
run-off 

Billions 

of 

cu.    ft. 

Blllloas 

of  cu,ft 

64.   rel 

Inches  i 

run-off' 

C.F.S. 

C.F.S. 
oer  r. ,. 

nlla 

In;hos 

run-off 

Blllloas 

of 

cu.    ft. 

Billions 

Of  Oil. ft. 

■4.   ml. 

luchai 

run-oTf 

C.i'.b. 

C.f.i. 
por  si. 

.r.llo 

Inchos 
lun-sff 

:    Billions 
l         of 
l      OU.    ft. 

Billions 

of  cu.ft. 

6-^.    ml. 

Inchos 
run-off 

2.178 

5.102 

5.9G2 

4,040 

9.46 

10.906 

10.821 

.0253 

10.90* 

1.413 

3.32 

3.32S 

3.798 

.0089 

3.620 

734 

1.72 

1.903 

i           1.97 

.0046 

1.983 

1,223 

2.864 

2.999 

3,315 

7.78 

8.101 

13.  340 

.0442 

19.007 

777 

1.82 

1.895 

5.67S 

.0133 

6.723 

516 

1.21 

1.305 

1           3.26 

.0075 

3.2S3 

743 

1.738 

2.003 

1,156 

2.72 

3.136 

11.034 

.0570 

22.143 

573 

1.35 

1.556 

7.226 

.0169 

7.279 

382 

.89 

1.031 

:           4.28 

.0100 

4.319 

1,052 

2.466 

2.751 

1,110 

2.60 

2.901 

24.811 

.0501 

25.044 

442 

1.04 

1.160 

i     8.371 

.0196 

8.439 

371 

.37 

.970 

i           5.24 

.0123 

5.239 

■  2,227 

5.214 

6.012 

2.420 

5.67 

6,537 

31.293 

.0733 

31.581 

1.932 

4.53 

5.223 

l    13.546 

.0313 

13.662 

1,632 

3.94 

4.542 

l           3.75 

.0223 

9.831 

2,332 

5.459 

6.093 

4,870 

11.41 

12.731 

43.316 

.1029 

44.312 

1.594 

3.73 

4.162 

l    17.678 

.0414 

17.824 

1,857 

4.35 

4.353 

:         14.56 

.0341 

14.6S4 

2,823 

6.611 

7.622 

3,300 

7.73 

3.912 

52.755 

.1236 

53.224 

1.243 

2.92 

3.366 

:    21.020 

.0492 

21.190 

2,592 

6.07 

6.998 

:        21.53 

.3504 

21.532 

2.946 

6.899 

7.953 

4.090 

9.58 

11.045 

63.710 

.1493 

64.263 

2.207 

5.17 

5.960 

i    26.932 

.0631 

27.150 

2. 530 

6.04 

6 .363 

:         23.41 

.0666 

28.645 

Septorber   .  • . 

2.935 

6.874 

7.670 

3.560 

6.34 

9.305 

72.937 

.1710 

73.574 

1.722 

4.04 

4.507 

l    31.395 

.0735 

31.657 

2.853 

6.63 

7.453 

;        35.30 

.0838 

36.099 

3,256 

7.624  • 

8.790 

3,665 

8.57 

9.880 

62.753 

.1938 

83.454 

2.688 

6.30 

7.263 

1   38.505 

.0303 

38.920 

3.040 

7.12 

8.203 

:        43.34 

.1029 

44.307 

Eovarcbo  r  .... 

>  4,311 

10.100 

11.266 

11,300 

26.48 

29.546 

112.043 

.2627 

113.010 

2.267 

5.31 

5.924 

:    44.471 

.1042 

44.344 

5.541 

12.98 

14.432 

.         58.31 

.1365 

56.733 

December  .... 

-   4.253 

9.960 

11.483 

17,300  40.55 

46.750 

158.379 

.3720 

159.750 

1,265 

2.96 

3.413 

!   47.856 

: 

.1121 

43.257 

3,058 

7.16 

8.255 

i        66.50 

.1557 

67.044 

i   2,523 

5.909 

6.710 

5.010 

11.74 

13.313 

'......• 





1,512 

3.54 

4.021 



2.100 

4.32 

5.587 

■ 

ATera^  for 
4  dr/  bos.    .. 
iToraflo  for 
3  wot  nos.    . . 

1,299 
:   3,135 

3.042 
7.343 

3.409 

8.301 

2,405 
i    6,313 

5.64 
14.79 

6.261 
16.838 

....... 

004 
1.365 

1.93 
4.37 

2.110 
4.977 



i        501 
:    2.900 

1.17 
6.79 

1.322 
7.719 
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TABLE  41. 


BOHIO—  5RAINAGE  AREA  779  Square  Miles. 
(Discharge  l>asuremontg  Discontinued  Dec.    1910.) 


t 

kaan  l.o 

~*      Eor 

nthly  Discharge 

■      Kailmun  Tsar.   1909. 

Klnlrcun  Year.   1905. 

Malawi:  1 

ry  Season. 

1908. 

21  yaars. 

Monthly  &ls 

-harrfe. 

Accumulated  Discharge..       : 

L-onth 

1*'  IHechari:e. 

fltCCUlTU 

:„*-><]  :  is 

hnrKB. 

fcontM- 

har<e.        : 

Accumulated  Dlsch 

irtw. 

C.K.S. 

C.F.S. 

Billions 

BUllona 

C.F.S. 

Billions 

Billions 

C.F.E. 

Billions 

Billions 

1 

Total 

par  •<. 

Inches 

C.F.S. 

per  Gi. 

Inches 

Of 

of  cu.ft. 

Inchos   t 

3.F.S. 

par  el. 

Inches 

of 

of  cu.ft 

Inches 

0.  F.S. 

per  si. 

Inches     : 

Of 

of  cu.ft. 

Inches 

c.f.s. 

ell*. 

run-off 

mile- 

run-off 

ou.    ft. 

ai.  ml. 

run-off i 

n-llo. 

run-off 

ou.   ft. 

B.4.    mi. 

run-off 

mile. 

run-off.: 

cu.    ft. 

si.   ml. 

run-off. 

January 

s.e:o 

4.92 

5,672 

4,390 

5.64 

6.502 

11.758 

.0151 

6.502: 

1.942 

2.49 

2.871 

5.201 

.0067 

2,871 

1.281 

1.64 

1.891 

3,431 

.0043 

1.891 

Fatr-tsr;; 

1.627 

2.09 

2.176 

3,580 

4.60 

4,790 

20.419 

.0262 

11,292: 

983 

1.27 

1,322 

7.594 

.0097 

4,103 

:        681 

0.87 

0.938 

5,078 

.0065 

2.829 

1.064 
1.361 

1.37 
1.75 

1,579 
1.952 

1.326 
r   1.1S5 

1.70 
1.52 

1.960 
1,696 

t    27,968 
!    27,039 

.0307 
.0347 

13.252: 

14.943: 

706 
COO 

•0.91 
0.77 

1,049 
0,859 

:      9,495 
•    11.040 

.0122 
.0142 

5.242 
6.101 

:        586 

:         666 

0.75 
0.86 

0,665 
0.960 

6.648 
8,374 

.0085 
.0108 

3,694 

4.654 

^ 

3,842 

4.93 

5,664 

3,225 

4.14 

4,773 

i    3b, 677 

.0458 

19,721: 

2,825 

3.63 

4,135 

:    18,607 

.0239 

10.2S6 

:    3.394 

5.00 

5,764 

J 18, 304 

.0243 

10.418 

4,189 

5.23 

5,991 

i   7.010 

9.00 

10.041 

53,047 

.0692 

29.762: 

2,649 

3.40 

3,793 

:    25,473 

.0327 

14.079 

:    3,131 

4.02 

4,435 

26,920 

.0345 

14.903 

6.229 

6.72 

7,747 

5,630 

7.23 

8.335 

i    68.926 

.0884 

38.0971 

1,907 

2.45 

2,325 

:   30.580 

.0396 

16.904 

:    3,626 

4.65 

5,361 

36,632 

.0470 

20,264 

AUfJUB*.  ...... 

5,994 

7.69 

8,966 

•    6.600 

8.47 

9,765 

!    86,604 

.1112 

47.862: 

3,884 

4.98 

5,741 

l   40,904 

.0526 

22,645 

:    5.491 

7.04 

6. 116 

51,338 

.0659 

29,380 

Soptoxber 

5,912 

7.58 

8,457 

i    5,560 

7.12 

7,944 

: 100,989 

.1295 

55.806: 

3.955 

5.08 

5,668 

:    51.236 

.0657 

28,313 

:    6.599 

7.18 

8,011 

65.350 

.0845 

36,391 

October 

6,900 

3.86 

10,215 

:    3.230 

10.57 

12.187 

: 123 ,033 

.1579 

67,993: 

6.957 

9.9V 

10,296 

l    69.869 

.0890 

3fl,608 

:    5,558 

7.13 

8,220 

80,738 

.1036 

44.611 

•8.900 

11.42 

12,742 

:  21,380 

27.45 

30,625 

1178.450 

.2290 

98,613: 

4,732 

6.03 

6,783 

:    82.135 

.1055 

45,391 

:    9,515 

12.22 

13,632 

105.400 

.1353 

53.243 

*7,569 

9.72 

11,206 

: 19, 300 

25.42 

29,304 

; 231 .482 

.2971 

127,922: 

2.960 

3.67 

4.231 

:    89,795 

.1153 

49.612 

:    5,046 

6.43 

7,471 

118.913 

.1527 

65,714 

tea, 

.   4,701 
!    1.970 

6.03 
2.53 

6,949 
2.845 

:    7,325 
:    2,620 

9.40 
3.36 

10.660 
3,737 

2,834 
1,059 

3.64 
1.36 

4.135 

1,525 



:    3,756 
804 

4.82 
1.03 

5.476 
1,164 

Averaija  for 
4  dry  mor.thB. 

Average  for 
8  Wot  nonths. 

:   6.069 

: 

7.73 

8,851 

i    9,678 

12.42 

14.122 

3,721 

4.78 

5.440 





:    5,232 

6.72 

7.632 

MMO-Vioa  .     InMualva 


Digitized  by  Microsoft® 


TABLE  42. 

DISC  HAH  CIS  OF  CIUBBES  KTftX  -  25  THUS  OF  FJEOTiD 
GATIW  —  PEAHAf.K  AHIAr   1320  S<.  IKIiaa 


i    Mean  Yor.thly  DlrchrrTO    I 

i  For  38  Years ::'.onthly  Dlschs'-ge 


Maximum  You.  1910 


Acc^rrul  at^d.  Dl  rohcr^e 


Monthly    W-'C'lTft 


Minimal  Year.  1905 


VOXTH    :  Total   C.F.3.  :        C.F.3.   Inch-:Pi: lions  :>tllto-is  Inches 

i  per  eq     incho«  tcr.s.    r*r  ■*•    •»         of        °f  cu  rt     Run~ 

iC.r.3.       rule        lrm-offi nils     Runoff:  cu.ft.         sg.T.1.         off. 


O.F. 


4.913    ill, 740   8.90  10. "61  l  31.444    .0238   10.261 


January..  .:5, 62*  4.262 

I                                                        I  • 

Fetruuy..:2,447  1.849        1.940        ■    5,080  3.85       4.009    l    43.734 

(                                                         ■  ' 

ilaroh il,481  1.122       1.293        i   3,160  2.39       2.755   i    52.198 

I                                                     '  ■ 

April i2,1Z3  1.608        1.793        l   4,560  3.45        3.849    l    64.017 

i                                                        I  > 

Kay i5,971  4.624       5.216        il0,270  7.78       8.969   i    91.524 

l                                                    I  ' 

June i6,466  4.900        5.466        lll,060  8.38        9.350   il20.192 

l                                                         ■  ' 

July !8,028  6.083        7.013        ll3, "00  10.45     1-.050   1167.154 

l                                                        l  ' 

Aacuit   ...iS,9S4  6.806       7.847        113,020  9.86     11.367   U92.027 

i                                                     ■  < 

Septentoer   :?,175  6.952       T.T57        U1.C37  8.82       9.840    i2.:2.190 

i                                                    i  > 

October   ...11^22  8.350       9.627        il2,710  9.63     11.091   1256.232 

t                                                     ■  • 

November    .il4,090  10.676     11.910        ll7,312  13.11      14.631    1301.105 


.0331  14.270 

.0396  17.025 

.0485  20.874 

.0693  29.843 

.0910  39.193 

.1191  51.243 

.1454  62.610 

.1684  72.450 

.1941  83.541 

.2200  98 .172 


DooeabT.lU.262  6.852        9.832        J21.820  16.53  19.056:359.548  _  ,,2730      117. ?S8 

i  ' 

Mean....   i  7,222  6.472       6.37       ill,347     8.60  9.769  t 

Average  for:                                                 »  * 

4  dry  no's   i   2,919  2.210       2.486        l   6,135     4.65  5.218   i 

Average  for:                                                 <  * 

8  wet  oo'e    i   9,376  7.143        6.084        ll3, 954  10.57  12.044    I 


o.r.3. 

rior    BO. 

nlle 


Inchos 
off 


3,140  2.38  2.744 

1,599  1.21  1.260 

1,142  0.86  0.99P 

970  0.73  0.814 

4,568  3.46  3.989 

4,283  3.24  3.615 

3,083  2.33  2.686 

6,283  4.76  5.488 

6,395  4.84  5.400 

11,250  8.52  9.823 

7,662  6.80  6.471 

4.624  3.51 i,  047     J 


4,582       3.47       3.944 

1,713        1.29        1.452 

:   6-.017        4.58        5.190 


AccuTT.)lated  Dlagirr--^ 


Billions     Billions     Inches 
of  of  ou  ft      Run- 

cu.     ft.       e-i.ml.         off 


Mlnlau-Ti  Dry  Reason.   1912 


Earthly   Ulrctorare 


C.F.S. 


C.F.S. 

per  eq . 

nlle 


Inches 
Run- 
off- 


1,351 

99; 

40. 

356 

2,692 

4,346 

5,371 

6,700 

7,622 

10,190 

14,076 

5.335 


1.02 

.75 

.36 

.27 

2.04 

3.29 

4.07 

5.08 

5.77 

7.72 

10.66 

_4»24_ 


1.176 
.810 
.421 

.301 
2.352 
3.671 
4.692 
5.851 
6.438 
8.900 
11.893 
4.658_ 


4,959 

79: 
7,041 


3.76 

.60 

5.34 


4.264 

.677 

6.057 


Accural  atod   Dlscha'-g- 


Billions 

Of 
OU.       ft. 


Billions 
of  cu  ft       Inches 
eg.  ra.      fntn-oll* 


3.61 

6.09 

7.38 

8.30 

15.51 

26.77 

CI  .18 

69.10 

78.85 

106.15 

142.63 

156.92 


.0027 
.0046 
.0056 
.0063 
.0118 
.0203 
.0312 
.0448 
.0597 
.0304 
.1080 
•116?     . 


1.176 

1.986 
2.407 
2.708 
5.060 
8.731 
13.423 
19.274 
25.712 
34.612 
46.b05 
51,163.. 


E  i         Four  dry  months-  January.  Kobruary,  Itoroh  and  April. 
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TABLE  43. 
HUi-OFF  past  Him 
ARflAN8-iD     ill     PERIODS     OF     |m     FLOiV 


TABLE  44. 

R  g  N  -  0  F  F     past     G  A  T  U  II 

AIiHAHQED     IN     fEBIOPS     £F     ..ilNIMUM     FLOW. 


Period. 


Data  of  Period  -  lino). 


Dlschargo  -  c.f.s. 


Periods 


Data  of  Period  Unci.) 


Discharge  -  c.f.s. 


1  month . . . 

2  months . . 

3  »entha. . 

4  months . . 

5  months . . 

6  months . . 

7  months . . 

8  months . . 

9  months . . 

10  months. 

11  monthc 

1  yoar . . . . 

2  years... 

3  years  . . 

4  yoars  . . 
b  years  . . 

6  yoars  . . 

7  years  . . 
d  years  . . 

9  years  . . 

10  yoor  .  . 

11  years  . 

12  years  . 

13  years  . 

14  years  . 
16  years  . 

16  years  . 

17  years   . 
19  yearB   . 

19  yoar*    . 

20  years   . 

21  years    . 


Docorabor ,    1893    

.  .NOToober  1  to  December  31,   1909   

...October  1  to  December  31,  1909   

..October  1,1909  to  January  31,  1910   .. 

. .August  1  to  December  31,  1893 

..July  1  to  December  31,  1893 

..July  1,1893  to  January  31,1894 

..June  1,  1893  to  January  31,  1894 

..May  1,  1893  to  January  31,  1894 

. .April  1,  1893  to  January  31,  1894.... 
.  -Arm  1,  1S93  to  February  28,  1894... 
..February  1,1893  to  January  31,1894... 
.  .'.larch  1,  1892  to  February  28,  1894... 
.  March  1,  1892  to  February  26,  1895  .. 
.  Kovarabor  1,  1891  to  October  31,  1895 
,  February  1,  1890  to  January  31,  1895 
,  March  1,  1890  to  February  29,  1896  .. 
.  January  1,  1890  to  Dooember  31,  1896 

,  Uay  1,   1890  to  April  30,   1898   

,  January  1,  1890  to  December  31,  1898 
,  January  1,  1890  to  December  31,  1899 
.  January  1,  1890  to  December  31,  1900 

.  Uay  1,  1890  to  April  30,   1902   

.  January  1,   1890  to  December  31,   1902 

,  May  1,   1890  to  April  30,   1904    

,  January  1,  1890  to  Decembor  31,  1904 
,  January  1,  1890  to  Decembor  31,  1905 
.  January  1,  1890  to  December  31,  1906 
,  January  1,  1890  to  December  31,  1907 
.  January  1,  1692  to  December  31,  1910 
.  January  1,  1891  to  December  31,  1910 
,  January  1,  1890  to  December  31,  1910 


.30037 
.27136 
.22287 
.19650 
.18470 
.17460 
.16600 
.15520 
.14650 
.13740 
.12743 
.11948 
.11366 
10736 
10003 
9890 
9460 
.  9070 
.  8940 
.  8632 
.  8318 
.  8080 
.  8020 
.  7840 
.  7780 
.  7680 
.  7470 
.  7414 
.  7340 
.  7481 
.  7472 
.   7602. 


1  Month  .. 

2  Months  . 

3  Months  . 

4  Months  . 

5  Months  . 

6  Months  . 

7  Month-.-.  . 

8  Months  . 

9  Months  . 

10  t.onths 

11  Months 

1  Vear  . . . 

2  Years  . . 

3  Years  .. 

4  rears  . . 

5  fears  . . 

6  rears  .. 

7  Tears  . . 

8  rears  . . 

9  rears  .. 

10  Years  . 

11  Years  . 

12  Yeare  . 

13  Years  . 

14  Years  . 
11'  Years  . 

16  Years  . 

17  Years  . 
16  Years  . 

19  Years  . 

20  Yoars  . 

21  Years  . 


March,  1908  651 

March  1  to  April  30,  1908  672 

February  1  to  April  30,  1908  930 

January  1  to  April  30,  1908  1191 

January  1  to  May  31,  1903  ...• 1739 

January  1  to  Juno  30,  1J03 2136 

December  1,  1902  to  June  30,  19C3  2526 

December  1,  1902  to  July  31,  1903  3025 

January  1,  1905  to  septou-bar  30,  1905  3436 

Decembor  1,  1904  to  September  30,  1S05  3814 

July  1,  1905  to  May  31,  1906  4449 

June  1,  1905  to  May  31,  1906  .? 4435 

September  1,  1899  to  August  31,  1901 C163 

Septembor  1,  1893  to  August  31,  1901  5310 

August  1,  1904  to  July  31,  1908  5544 

August  1,  1898  to  July  31,  1903  5815 

July  1,  1902  to  June  30,  1898  5823 

July  1,  1899  to  June  30,  1906  5928 

August  1,  1898  to  July  31,  1906  5902 

May  1,  1899  to  April  30,  1908  S972 

Aagust  1,  J898  to  July  31,  1908  5937 

February  1,  1898  to  January  31,  1909  6032 

July  1,  1896  to  Juno  30,  1908  6256 

November  1,  1895  to  October  31,  1908  6239 

February  1,  1895  to  January  31,  1909  6314 

February  1,  1894  to  January  31,  1909  6719 

November  1,  1893  to  Octobor  31,  1909  6769 

November  1,  1892  to  October  31,  1909  6970 

January  1,  1891  to  December  31,  1908  , 7092 

November  1,  1890  to  Octobor  31,  1909  7138 

November  1,  1890  to  October  31,  1910  7411 

January  1,  1890  to  Decembor  31,  1910  7602. 
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V/igia   Max.  168.9 
Fluviogroph    V/ashed  Out 


Diagram  or  Freshet  Heights  *«  Mass  Curves 

Chagres  River. Dec 26,  1909-Jan  8.1910 


Comparison   with  Flood 

of  Dec  1906 
Mammum  Heights  in  Feet 
above  Mean  Seo  Level 


Stolon 

1906 

1909-10 

Alhojuela 

119.3 

121.0 

Combo  a 

81. 6 

7&2 

Bohio 

386 

36.7 

Go  fun 

- 

'9.6 

Low  Water  Stage r 

Viqio  125 

A/hqjuelo  92 

Gomboa  46 

Bohio  I 

Gofun-Canq/       O 
\  Go  fun-  WDiver'n  O 


rig.  39. 
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TABLE  45. 
CHA3RSS  RIVER  DRAINAGE  BASIK 
■at*i  of  Ban-Off  During  Freshets  Beginning  Deo.   26,  1909,  and  Tab.   12,  1911. 
DISCHARGE  -  Oublo  feet  per  second.     HEIGHT  -  Elevation  above  llean  Sea  Level. 


t                                                                                                                           t 

ALHAJVELA                                         «                                                       BOHIO                                                         t                                                    QATUN 
Drainage  Area  -  427  Square  lilies            i                        Drainage  Area  -  779  Siuare  lilies                    t                     Drainage  Area  -  1,320  Square  lilies 

«                   t                   i                        i                        «                          <                   t                   i                       t                         t                         t                  :                   t                     t 
<                  t                  tllooentary  i        24  Hourt                        t                  t                  :i:onontary   :     24  Hour     t                        t                  t                  tUomentaryt     24  Hour 
>                  :                  >     Rate  of  t     Rate  of   :                        >                  t                  i     Rats  of   <     Rate  of     i                        >                  t                  >     Rate  of:     Rate  of 
Date                   t     Time     t  Height   iDlsoharge   t  Discharge:       Date               Tljne     t  Height   :  Discharge:   DischargB   ?       Date    "    t     Time     :  Height    :     Run-off:     Run-off 
•ti                     «                     t                       i:i                     :                       t                       t                 t                 tStorage  TiStorage  ♦ 
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The  second  class  includes  areas  which,  while  not  uniformly 
precipitous,  are  rolling,  and  are  cut  by  numerous  streams  or 
ravines. 

The  third  class  includes  flat  land  having  little  or  no  appre- 
ciable slope.  Aside  from  the  general  topography,  the  condition 
of  the  ground  surface  has  much  to  do  with  the  rate  of  run-off. 
A  clean  hard  surface,  over  which  the  water  can  find  its  way 
without  difficulty,  filled  with  gullies  and  small  channels,  will 
have  a  quicker  run-off  than  a  surface  covered  with  vegetation, 
loose  rock  and  heavy  timber,  and  having  no  well-defined  channels 
for  carrying  water.  Large  watersheds  may  be  counted  on  to 
have  a  lower  rate  of  run-off  than  smaller  ones,  as  most  extreme 
storms  are  local.  This  localization  of  extreme  rainfalls  is  so 
general  that  it  may  be  depended  on  in  calculating  run-offs  of 
very  large  areas.  In  a  large  watershed  local  conditions  may  be 
depended  upon  to  counterbalance  each  other.  A  small  area  may 
combine  many  elements  which  tend  to  produce  a  large  run-off, 
while  in  large  areas  some  parts  will  have  a  larger  run-off  than 
others,  and  the  whole  area  will  have  less  than  that  portion  hav- 
ing the  more  extreme  condition,  and  the  run-off  of  the  various 
parts  will  never  coincide  exactly  in  point  of  time.  The  water 
falling  nearest  the  outlet  will  pass  away  before  that  from  a  dis- 
tance, and  so  the  flood  flow  will  be  modified. 

The  shape  and  location  of  a  watershed  also  affect  the  rate 
of  run-off.  A  drainage  area  having  a  fan-shaped  outline,  with 
numerous  tributary  channels  uniting  to  form  an  outlet  at  the 
small  end  of  the  fan,  will  have  a  comparatively  high  rate  of  run- 
off, because  water  from  the  greater  part  of  the  area  will  be  con- 
centrated in  the  main  channel.  In  a  long,  narrow  drainage  area 
the  flow  will  be  distributed  over  a  larger  time,  on  account  of 
difference  of  time  required  for  water  in  different  parts  to  reach 
the  outlet. 
Evaporation. 

One  of  the  most  important  factors  to  be  considered  in  the 
hydrology  of  a  watershed  is  evaporation,  as  practically  all  the 
water  falling  upon  a  drainage  area  either  passes  out  of  the  dis- 
trict in  its  water  courses,  or  is  evaporated. 

On  the  Isthmus  of  Panama  the  rate  of  evaporation  is  very 
much  greater  in  the  dry  season  than  in  the  wet,  in  windy  than  in 
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calm  weather,  and  more  rapid  from  exposed  surfaces  than  from 
those  which  are  sheltered. 

A  great  deal  of  water  is  taken  from  the  soil  by  plants  and 
is  evaporated  from  their  leaves.  Only  the  most  general  knowl- 
edge of  this  subject  is  available. 

In  addition  to  the  amount  of  water  taken  from  the  soil  and 
evaporated  through  the  leaves  of  trees  and  rank  vegetation,  a 
considerable  amount  of  the  light  rains,  variously  estimated  from 
20%  to  50%,  never  reaches  the  soil,  but,  being  caught  by  the 
leaves,  is  again  evaporated. 
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Tables  26  to  37,  inclusive,  give  the  discharge  measurements 
in  various  units  for  the  Chagres  River  at  Alhajuela,  Gamboa, 
Bohio,  and  Gatun.  Unless  otherwise  noted,  the  quantities  are 
from  actual  gaging,  by  floats  previous  to  1907,  except  in  1899 
and  1900,  and  subsequently  by  current  meter  work. 

Similar  data  for  years  of  record  are  given  in  Tables  38  and 
39  for  the  Trinidad  and  Gatun  rivers.  The  cross  sections  shown 
by  Figs.  22  to  24,  inclusive,  are  characteristic  of  the  variations  in 
area  due  to  freshet  scouring. 

Cross  sections  taken  on  December  18,  1909,  and  January  4, 
1910,  as  shown  in  Pig.  22,  taken  before  and  after  one  of  the 
largest  freshets  on  the  river,  illustrate  graphically  the  change 
in  area  due  to  freshet  scour. 
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Fig.  24. 
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Figure  25  best  illustrates  the  relation  of  change  in  area, 
velocity,  and  discharge.  The  change  in  cross  section  producing 
the  change  in  discharge  can  be  seen  by  the  inspection  of  Fig.  23. 


DtscMARGE,    Area  and 
Veioc/ry  Cuxyes 

Stfar  /S/O 

1 

* 

t 

0 
V 

1 

Stf 

7 

HP   . 

.,'"' 

/ 

/■■■ 

■  *" 

—7*7 

^ 

*' 

/  - 

*> 

« 

s* 

yp 

! 

fit 

Y/' 

f/ 

£? 

„>.* 

' 

/' 

V 

('' 

y 

V- 

/■ 

1 

/ 

-Ja 

/ 

y 

f 

/ 

7 

// 

D,s 

-»„, 

/oot 

cfa 

, 

!  >■ 

oo    so 

OO     3t 

oo    -ft 

r>    St 
oo    Ji 

OO     60 

■ 
OO     « 

i 
oo  at 

■ 

OO     9t 

t           < 

f 

a        1-2        /t       eo       e 

f      ze      j 

36           40          44          48          52          S6           60 

Pig.  25. 


May 


July 

Fig.  26. 


Digitized  by  Microsoft® 


CLIMATOLOGY  AND  HYDROLOGY 


203 


Tables  40  to  42,  inclusive,  give  the  discharge  measurements 
in  various  units  for  the  Chagres  Eiver  for  years  of  record,  at 
Alhajuela,  Bohio,  and  Gatun,  and  give  specifically  the  mean 
monthly,  maximum  year,  minimum  year,  and  minimum  dry 
season. 


Fig.  27. 
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The  minimum  year  of  run-off  was  1905  at  all  stations,  and 
the  minimum  dry  season  run-off  was  1912.  Previous  dry  season 
run-off  was  during  1908. 

The  calendar  year  1909  was  the  calendar  year  of  maximum 
run-off  at  all  stations  except  Gatun,  which  had  its  maximum  in 
1910. 


Fig.  29. 
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Fig.  30. 
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Fig.  31. 


Fig.  32. 
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The  river  year  1909-1910  was  the  year  of  maximum  run-off 
at  all  stations. 

Figs.  26  to  29,  inclusive,  show  the  interrelation  of  these 
periods  of  discharge. 

Table  43  shows  the  run-off  past  Gatun,  arranged  in  periods 
of  maximum  flow. 


Fig.  33. 
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Table  44  shows  the  run-off  past  Gatun  arranged  in  periods 
of  minimum  flow. 

The  conditions  of  discharge-duration  of  the  several  months 
placed  in  order  of  dryness,  together  with  the  mean  discharge 
diagram  for  the  period  used  for  Alhajuela  and  Gatun  are  shown 
on  Figs.  30  and  31. 

Figure  32  shows  the  Chagres  Eiver  drainage  basin  curves 
of  discharge  for  a  period  of  25  years. 
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Fig.  36. 

The  probable  quantity  of  water  available  for  power  is  shown 
on  the  average  hydrograph  for  years  of  record,  Figs.  33,  34 
and  35. 

Absolute  maximum  conditions  of  record  at  Alhajuela,  Bohio, 
and  Gatun  are  to  be  found  in  Table  45. 

Figure  37  is  a  diagram  of  freshet  heights  and  mass  curves 
in  Chagres  River,  November,  1909. 

Figure  39  is  a  diagram  of  freshet  heights  and  mass  curves, 
Chagres  River,  December  26,  1909,  and  January  8,  1910. 

Figures  36  and  38  portray  two  distinct  types  of  freshet  dis- 
charge.    The  freshet  of  November,  1909,  was  of  comparatively 
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longer  duration  and  of  more  widely  distributed  rainfall  than 
that  of  the  succeeding  month,  although  the  momentary  discharge 
at  all  stations  was  less  than  that  of  the  December  freshet.    The 
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Fig.  36. 

discharge  of  the  November  flood  past  Gatun  was,  however,  about 
fifty  per  cent  greater  than  that  of  December. 

In  connection  with  the  "dry  season"  freshet  of  February, 
1910,  it  is  to  be  noted  that  the  total  discharge  at  Gatun  was  about 
one  fourth  of  the  "wet  season"  freshet  of  December,  1909. 


Digitized  by  Microsoft® 


CLIMATOLOGY  AND  HYDROLOGY 


299 


*I03S   p»40fnu*n53y 


ho 


/9A9-]   *>*£*    UOJtf     3AQCjO  J.P9J  t 


Digitized  by  Microsoft® 


300 


CLIMATOLOGY  AND  HYDROLOGY 


The  surface  slope  of  the  Chagres  Kiver  during  flood  periods, 
with  time  of  crest  at  various  places,  is  shown  on  Fig.  41,  while 
the  comparative  flood  heights  for  December  7-18,  1909,  are 
shown  on  Fig.  42. 
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The  mean  maximum  velocity  of  the  December  flood  past 
Alhajuela  was  13.57  feet  per  second,  or  more  than  four  times 
that  with  which  the  crest  moved  down  the  stream.  Further  com- 
parison along  this  line  seems  to  indicate  that  the  crests  move 
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down  a  stream  with  about  the  same  velocity,  irrespective  of  gage 
height,  while  mean  stream  velocity  is  dependent  on  the  gage 
height. 

Figures  43  and  44  show  the  relation  between  the  rainy  and 
dry  season  run-off  of  the  streams  tributary  to  Gatun  and  Mira- 
flores  Lakes.  Each  river  is  a  law  unto  itself,  governed  by  the 
geological  and  topographical  conditions  of  the  watershed. 

Figures  45  to  50,  inclusive,  show  rainfall,  discharge,  and 
retention  for  years  of  record,  maximum  year  and  minimum  year, 
at  Alhajuela  and  Gatun. 
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Fig.  40. 

Figure  51  shows  the  profile  of  the  Chagres  River  and  the 
effect  of  the  back  water  from  the  filling  of  Gatun  Lake. 

Figure  52  shows  cross-section  of  the  Chagres  Kiver  at  Gam- 
boa  gaging  station,  with  changes  due  to  excavation  for  gravel 
above  the  gaging  station. 

The  change  in  the  percentage  of  rise  at  Vigia  to  that  at 
Gamboa  due  to  back  water  effect  caused  by  the  filling  of  Gatun 
Lake  is  shown  in  Figure  53. 
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The  minimum  discharge  of  the  various  streams  during  the 
dry  season  of  1912  is  given  in  Table  46. 

Table  47  gives  the  discharge  at  Gatun  and  Gamboa  for  dry 
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Fig.  41. 

and  wet  seasons  and  calendar  years  of  maximum  and  minimum 
flow;  while  Table  48  gives  the  same  data  for  river  years,  and 
Table  49  gives  Gatun  Lake  water  supply  for  1912. 
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Tables  50  and  51  give  the  monthly  discharge  of  the  Chagres 
River  at  Alhajuela  for  1913  and  1914  (drainage  area  427  square 
miles),  and  for  Gatun  Lake  (drainage  area  1320  square  miles). 
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Table  52  gives  the  discharge  of  the  rivers  tributary  to  Mira- 
flores  Lake  for  1911  and  1912,  with  their  respective  drainage 
areas. 
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The  filling  of  Gatun  Lake  is  shown  from  April,  1910,  to 
December,  1914,  by  hydrographs  on  Figs.  54  to  58,  inclusive, 
while  the  filling  of  Miraflores  Lake  is  likewise  shown  from  Octo- 
ber, 1913,  to  December,  1914,  on  Figs.  59  and  60. 

Figs.  61  to  64,  inclusive,  relative  to  the  study  on  the  filling 
of  Gatun  Lake  from  May  to  December,  1913. 

Figs.  66  and  67  accompany  investigation  of  current  below 
west  lower  operating  gates,  Miraflores  Lake. 

TABLE  49. 

Gatun  LaitB  water  supply,  1912. 
(Values  in  second-feet.    Watershed  area,  1,320  square  miles,) 


Cha- 

Kan- 

Frijo- 

Prl- 

?ri- 

gres  at 

Siri 

Trini- 

Gatun 

Cano 

dingo 

Agua 

lito 

loles 

jol 

ttonth. 

Gam- 
boa. 

liver. 

dad 
River. 

Kiver. 

River . 

Biver. 

Salud. 

River. 

}  rand  8. 

*  River. 

January. . . 

601 

162 

lie 

142 

62 

4.6 

15 

11.5 

0.9 

12 

Tobruary. . 

642 

96 

70 

100 

35 

1.4 

8 

7 

.3 

S.5 

366 

57 

44 

62 

16 

1 

5 

6 

.3 

2 

April.    ... 

372 

55.5 

30.9 

37.2 

9.1 

.2 

2.3 

3 

.2 

.8 

May 

.     1,777 

122 

59 

128 

41 

2 

5.4 

4.3 

1.1 

3.2 

June 

.      2,161 

336 

103 

216 

74 

10 

16.3 

12.3 

2 

18.4 

.      3,131 

269 

106 

286 

94 

19l 

32 

19 

1) 

29 

3,190 

640 

340 

400 

225 

22 

37 

16 

ID 

36 

September. 

.     3,594 

788 

244 

393 

255 

50 

51 

28 

1) 

56 

October 

.      4,249 

667 

595 

650 

380 

75 

66 

38 

(1) 

76 

November.. 

.     6 ,934 

965 

675 

950 

600 

75 

104 

100 

1) 

134 

December. . 

.     3,309 

525 

380 

533 

250 

20 

33 

20 

ID 

31 

(1)  Gagincs  discontinued. 

The  hydrology  of  Gatun  Lake,  Miraflores  Lake  and  the 
Chagres  River  for  year  1914  is  shown  in  Tables  53  to  55,  in- 
clusive. 

The  hydrographic  condition  obtaining  on  all  streams  tribu- 
tary to  Gatun  Lake  and  Miraflores  Lake  during  the  period  July, 
1911,  to  August,  1912,  is  of  special  interest,  chiefly  because, 
during  that  period,  the  minimum  dry  season  and  total  flow  for 
twelve  consecutive  months,  for  years  of  record  (January  1,  1890, 
to  December  31,  1914),  have  occurred.  The  previous  minimum 
dry-season  flow  occurred  during  the  calendar  year  1908.  The 
total  flow  for  calendar  year  1911  was  the  minimum  flow  for 
calendar  years  of  record,  except  1905. 


Digitized  by  Microsoft® 


CLIMATOLOGY  AND  HYDROLOGY 


305 


At  Alhajuela  the  minimum  elevation  of  the  Chagres  Eiver 
occurred  on  April  20,  1912,  when  the  water-stage  register  re- 
corded an  elevation  of  91.0  feet,  with  a  discharge  of  250  cu.  ft. 
per  second. 
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Fig.  42. 

The  minimum  elevation  at  Gamboa  occurred  on  April  7-8, 
1912,  when  the  water-stage  register  recorded  an  elevation  of  43.5 
feet,  but  the  minimum  discharge  was  on  April  20th  with  an 
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elevation  of  43.6,  giving  a  discharge  of  250  cu.  ft.  per  second. 
Changes  in  the  cross  section  at  Gamboa  at  this  time,  on  account 
of  excavation  work,  were  very  rapid.     The  previous  low-water 


records  were  91.86  for  Alhajuela  on  April  26,  1905,  and  44.40  for 
Gamboa  on  April  4,  1911. 

Prior  to  the  formation  of  Gatun  Lake,  the  Alhajuela  dis- 
charge was  about  one  third  of  that  at  Gatun,  which  is  comparable 
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with  that  of  the  two  drainage  areas,  whereas,  during  the  dry  sea- 
son, about  one-half  of  the  total  Gatun  flow  passed  Alhajuela. 
Since  the  filling  of  the  lake,  indications  point  to  a  modification 
of  these  ratios. 

The  average  run-off  for  a  period  of  25  years  for  the  entire 
watershed  has  been  about  62  percent  of  the  rainfall,  and  the 
average  annual  yield  per  square  mile  for  the  Chagres  river  basin 
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above  Alhajuela  has  been  5.91  cu.  ft.  per  second,  and  for  the 
entire  basin  5.47  cu.  ft.  per  second. 

The  rainfall  over  the  area  above  Alhajuela  has  averaged  10 
per  cent  greater  than  that  for  the  entire  drainage  basin. 


Fig.  45. 

Gatun  Lake. 

G-atun  Lake  impounds  the  waters  of  a  basin  comprising  1320 
square  miles.  When  the  surface  of  the  water  is  87  feet  above 
sea  level,  the  lake  will  have  an  area  of  about  167.4  square  miles 
and  contain  about  192.24  billion  cubic  feet  of  water.  The  ratio 
of  water  to  land  surface  is  14.5  per  cent. 

The  average  rainfall  over  the  whole  lake  watershed  is  ap- 
proximately 120  inches.    The  average  yearly  run-off  is  about  62 


Digitized  by  Microsoft® 


CLIMATOLOGY  AND  HYDROLOGY 


309 


190 


I  Z  3  4  S  6  7  8  9  IO  II  IZ. 

May     June    July     Aug      Sept     Oct     /Jo*     Dec.     Jan       Feb      Mch.     Apr: 
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percent  of  the  rainfall,  equivalent  to  about  235  billion  cubic 
feet  of  water  or  about  75  inches  over  the  watershed. 

The  yearly  evaporation  over  the  lake  area  is  about  60  inches. 
There  is  no  evidence  of  loss  of  water  from  the  lake  through 
seepage. 


Z34-S6783I0HI2 
May     June    Jvty     Auq     Sep       Ocf      Nov     Dec     Jat       Feb.     M^h.    Apr 

Fig.  47. 

The  minimum  run-off  of  water  in  the  basin  during  the  past 
25  years  as  measured  at  Gatun  was  about  146  billion  cubic  feet 
during  the  year  1905.  The  maximum  run-off,  about  360  billion 
cubic  feet,  occurred  in  1910,  a  quantity  nearly  sufficient  to  fill 
the  lake  twice. 

During  the  eight  or  nine  wet  months  of  the  year  the  lake 
will  be  kept  constantly  full  by  the  prevailing  rainfall,  and  con- 


Digitized  by  Microsoft® 


CLIMATOLOGY  AND  HYDEOLOGT 


311 


Gatun     Station 
Year    of    Maximum    Discharge        1909-1910. 
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Fig.   48. 
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sequently  a  surplus  will  have  to  be  stored  for  only  three  or  four 
months  of  the  dry  season.  The  water  surface  of  the  lake  will  be 
maintained  during  the  rainy  season  at  87  feet  above  mean  sea 
level,  making  the  minimum  channel  depth  in  the  Canal  47  feet. 
Based  on  the  minimum  dry-season  flow  (1911-1912),  with 
lake  elevation  at  87  feet  December  1st,  and  allowing  for  power 

Gatunj     Station 
Year  of    Minimum  Discharge      1305- 1906. 
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Fig.  49. 

consumption,  leakage,  evaporation  and  other  losses,  the  water 
supply  would  be  sufficient  to  allow  an  average  of  27  lockages  per 
day  for  the  period  from  December  1st  to  May  1st  without  lower- 
ing the  lake  surface  below  elevation  plus  82  feet.  In  case  cross- 
filling  in  the  lock  chambers  were  employed,  the  average  number 
of  lockages  could  be  increased  12  percent.     Thus  it  will  be  seen 
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that  during  the  dryest  dry  season  in  25  years  the  water  supply  in 
Gatun  Lake  was  sufficient  to  allow  the  passage  of  about  30  ves- 
sels daily,  more  than  twice  the  average  number  that  pass  through 
the  Suez  Canal. 

Bates  of  Consumption.* 

One   complete   lockage  per   24  hours   equals  54.6  c.f.s. 

Power,  light,  etc.  "  275.0     " 

Leakage  at  gates  "  275.0     " 

Other  losses  "  85.0    " 


May   June  July     Aug    Sept    Oct.    Nov.     Dec.  Jan.    Feb.    Mar  /»pr 
Month  s 

Fig.  50. 

*  Editor's  Note: — The  consumption  stated  per  lockage  is  for  the 
1000-ft.  lock.  For  the  550-ft.  lock  it  is  about  36.4  c.f.s.  The  leakage  at 
the  gates,  valves,  etc.,  estimated  at  275.0  c.f.s.,  measured  actually  14.57 
c.f.s.  in  the  autumn  of  1914. 
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Miraflores  Lake. 

Miraflores  Lake  is  formed  by  impounding  the  waters  of  the 
lower  Rio  Grande,  Pedro  Miguel,  Caimitillo,  Cameron  and  Cocoli 


TABLE  53. 

IH2  PAKAHA.  GAHAL 

Department  of  Operation  and  Maintenance 

Division  of  Meteorology  and  Hydrography 
— aOe— 

Hydrology  of  Gatun  Lake  Watershed 

(Drainage  area  -  1,320  sq.  mi.) 

Year  1914 

I    Gatun  Lake       Elov.  Date 

|  Yearly  mean      BE. 26  Quantities 

Maximum               87.07     Dec. 24-27  Million       Second 
Minimum               84.13     January  6                                            cubic   feet       feet 

Gatun  spillway,  waste        139,285.        4416-.7 

Gatun  spillway,   leakage 574.           18.2 

Gatun  locks,  lockage  and  tests     2,501.            79.3 

Gatun  locks,   leakage 151.             4.8 

Gatun  hydroelectric  plant   3,604.         114.3 

Pedro  iiigael  locks,  lockage  and  testa 2,681.            85.0 

Pedro  Miguel  locks,  leakage 104.              3.3 

Pumping  at  Cucaracha  slide     265.              8.4 

Brazos  Brook  reservoir     208.              6.6 

Pumping  at  Pedro  Miguel  into  Miraflores  Lake      .    .  189.              6.0 

(a)     Total  outflow     149,562.       4742.6 

(h)     STORAGE  (plus,   Increase;  minus,  decrease).    .  12,154.          385.4 

(c)  llet  yield  (a  plus  b) 161,716.        5128.0 

(d)  Evaporation  on  lake  (62.89") 23,970.          760.1 

(e)  Total  yield  (c  plus  d) 185,686.        5888.1 

(f)  Xainfall  on  lake   (92.08")-, 35,040.        1111.1 

(g)  Yield   from  land  area   (e  minus  f) 150,646.       4777.0 

Mean  area.     Rainfall.     Runoff.     Percentage 

Sq.  ml.           Inches .       Inches .  runoff. 

Lake  surface                   164.                92.08           92.08  100.00 

Land  area                       1156.             101.76           56.09  55.19 

Total  watershed           1320.             100.54           60.55  60.24 


rivers.  It  has  a  drainage  area  of  38.5  square  miles.  The  area  of 
the  lake  surface  at  elevation  plus  55  feet  is  1.65  square  miles, 
with  a  capacity  of  908  million  cubic  feet. 

The  tributary  streams  all  lie  on  the  leeward  side  of  the  Con- 
tinental Divide  in  a  region  of  comparatively  light  rainfall.    Dur- 
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ing  the  dry  months  the  evaporation  from  the  lake  surface  exceeds 
the  inflow. 

The  Miraflores  Lake  watershed  run-off  for  the  dry  season 
1914  amounted  to  nine  million  cubic  feet,  including  a  negative 

TABLE  54. 

THE  PAJttMA.  CANAL 

Department  of  Operation  and  Maintenance 

Division  of  Meteorology  and  Hydrography 
— eOe — 

Hydrology  of  Miraflores  Lake  Watershed. 
(Drainage -area  -  38.5  aq..  mi.) 
Year  1914 

Miraflores  Lake  Elev.  Date 

Yearly  mean  52.21  Quantities 

IJaximum  54.40  Kov.  16  Million       Second 

minimum  42.43  April  13  cubic  feet       feet 

iMlraflores  spillway,  waste   1710.8  54.22 

Miraflores  spilliray,  leakage   544.7  17.27 

Kiraflores  locks,  lockage  and  tests 2167.2  68.72 

Miraflores  locks,   leakage     135.7  4.31 

Miraflores  filter  plant     259.9  8.24 

Miraflores  power  plant   293.8  9.31 

Miraflores  west  emergency  dam  pit  seepage     .   .    . 

(a)  Total  outflow  5112.1  162.10 

(#)  Total  inflow  from  Gatun  Lake  -3241.6  -102.79 

(b)  Storage  (plus,  increase;  minus,  decrease)  .  153.3  4.86 

(c)  Net  yield  (aplus-or-minus  #  plus  b)   ...  2025.6  64.23 

(d)  Evaporation  on  lake  (57.67") 198.2.  6.28 

(e)  Total  yield  (c  plus  d) 2227.6  70.64 

(f)  Rainfall  on  lake  (70.27") 252.1  8.00 

(g)  Yield  from  land  area  (e  minus  f) 1975.5  62.64 

Mean  area.  Rainfall.  Runoff.  Percentage 

Sq.  mi.  Inches .  Inches.    runoff. 

Lake  surface        1.51  70.27  70.27     100.00 

land  area         36.99  69.81  22.81     32. SO 

Total  watershed    38.50  69.80  24.82     35.60 


yield  of  21.33  million  cubic  feet  during  February  and  March. 
The  evaporation  amounted  to  81  million  cubic  feet.  Except  for 
water  supplied  to  this  lake  from  Gatun  Lake,  it  would  have  fallen 
to  an  elevation  of  approximately  16  feet  above  sea  level  or  38.7 
feet  below  its  normal  operating  level  by  April  30th. 
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Miraflores  Lake  may  always  be  kept  at  its  operating  level  by 
water  from  Gatun  Lake.  To  fill  it  completely  from  Gatun  Lake 
would  lower  the  latter  0.20  of  a  foot  from  elevation  85  above 
sea  level. 

GATUN  LAKE. 
Areas  and  Volumes. 


Contour 
Feet 

Area 

Volume 

above 
Mean 

Sea  Level 

Square  Feet 

Square 
Miles 

Cubic  Feet 

Gallons 

0 

11,549,376 
384,834,783 
813,349,126 
1,425,899,458 
1,970,738,955 
2,528,937,595 
3,099,155,666 
3,670,295,420 
4,274,399,597 
4,554,874,320 
4,835,349,042 

0.44 

13.81 

29.17 

51.14 

70.69 

90.71 

111.17 

131.65 

153.32 

163.38 

173.44 

10 
20 
30 
40 
50 
60 
70 
80 
85 
90 

1,981,920,790 

7,972,840,340 

19,169,083,260 

36,152,275,320 

58,650,658,080 

86,791,124,380 

120,638,379,810 

160,361,854,900 

183,136,226,495 

205,910,598,090 

14,824,767,500 

59,636,845,700 

143,384,742,800 

270,419,019,400 

438,706,922,400 

649,197,610,400 

902,375,081,000 

1,199,506,674,700 

1,369,858,974,200 

1,540,211,273,700 

45,499 

183,031 

440,062 

829,942 

1,346,434 

1,992,450 

2,769,476 

3,681,401 

4,204,228 

4,727,056 

Prediction  of  Rises. 

For  predicting  the  probable  height  at  Gamboa,  the  ratios  be- 
tween Gamboa  and  Vigia  were  employed.  For  predicting  the 
probable  elevation  of  Gatun  Lake,  a  study  of  the  volume  of  flow 
into  the  lake  from  past  rises  was  made,  noting  what  portion  of 
the  flow  passed  Alhajuela  and  Gamboa  up  to  the  time  of  the 
crest  at  each  station,  also  the  total  flow  for  the  twenty-four  hour 
periods.  The  relation  between  the  flow  at  Alhajuela,  Gamboa, 
and  total  flow  into  the  lake  for  given  periods  (usually  one,  two, 
or  three  days)  indicated  what  might  be  expected  to  occur  under 
similar  conditions.  This  method  was  found  to  be  more  reliable 
than  taking  the  ratio  between  actual  rises  on  the  lake  and  at 
Gamboa  and  Alhajuela.  At  the  time  of  predicting  elevations 
for  the  lake,  the  influence  of  the  Trinidad  River  on  the  situation 
was  always  an  unknown  factor,  but  as  a  general  rule  the  error 
was  always  on  the  side  of  safety. 

The  rise  in  Gatun  Lake  checked  the  force  of  the  freshet 
rises  at  Gamboa.  The  back-water  from  Gatun  Lake  was  felt 
appreciably  at  this  station  about  September  1,  1912.    Until  Sep- 
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tember,  the  average  ratio  between  Gamboa  and  Vigia  rise,  using 
yearly  means,  was  0.72,  the  maximum  being  0.84,  and  the  mini- 
mum 0.60.  This  ratio  varies  with  the  rise  at  Vigia  and  the  eleva- 
tion of  the  lake.  Special  formulae  and  curves  were  used  in 
prediction  work  at  Gamboa  and  Gatun  since  September,  1912. 


HrofiOGRaPH  of  G*ruH  Lake 

January  to  June   13 1 1, 
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Fig.  54. 

Figure  53  shows  the  profile  of  water  surface  for  freshets  of  De- 
cember, 1909,  December,  1910,  and  November,  1912;  also  low 
water,  1909,  April,  1912,  October,  1914,  and  the  bottom  of  the 
river  1909.  This  diagram  shows  clearly  the  effect  of  the  Gatun 
Lake  in  cheeking  these  floods,  also  that  the  river  bottom  has  been 
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HrDRoGRAPH  or   G#TUAf  Lake 
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lowered  at  Gamboa  since  1909,  due  to  excavation  work  and  in- 
creased velocity  due  to  greater  slope. 


A,*. 


HydROSKAPH  OF  6»TUH  LaKE 
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The  following  table  shows  the  yearly  average  ratio  of  Gam- 
boa  crest,  during  rises,  to  the  Vigia  crest : 
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Calendar  Year  Katio 

1908 84.1% 

1909 84.4% 

1910 75.4% 

1911 71.2% 

1912 60.0% 

1913 12.5% 

1914 1.2% 


Eemarks 
December  only;  no  other  records. 


Lake  Ele.  from  13.10  to  56.28 
Lake  Ele.  from  47.78  to  84.80 
May  and  September  10-16  records 
only.      Other    rises    at    Gamboa 
prevented  by  spillway  operation. 
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TABLE  47.  TABLE  48. 

.  Dlaobarfa  at  Omtun  and  Oamboa,  for  dry  and  wat  ■•••on*  and  oalan-  Dl.oharga  at  Oatun  and  Oamboa  for  wat  and  dry  aauon.  and  rlvar 

aTw  jaara  daring  jun  of  wtatSJtm  and  minima  flow.  yaar.  during  year,  of  maximum  and  minimum  flow. 

,.                    ,.                   ,  _,,,     .  „._     _.  _. llfcw  ».  I,.._h«.i     .  -.„«..  i  (Rlwor  yaar  Hay  1  to  Apr.  30.     sot  loaiona  (ttiy  to  Daoambar)  8  month.,  and  dry  ieiio.i 

(Dry  ini«u  (January  to  aprtl 1 .  4  month.,  and  wwt  ....on.  (Hay  to  p.oa»barl.  6  month.. )  — '            <•            (January  to  April)  4  month.. 

1912             1911                1910             1909                  1906         1905  1690-1911 

JJ^SJ,  1911-12       1910-11         1909-10       1908-09     1907-08       1906-06       1890-1912 

Union.      Union        mxlmm        tal  and"      Unlmnm    Union  ATorago                                                                               Uaxlmum        Maximum                       Union 

«.«-».-!.-.      Syir-y^alyT^al    -at  ..a-    J-^*-  J?                    station..  wUu...      5?i  *J^ '''ST*                 S  «T  JSt^U    «-,.« 

mj  D«riod.              •on  on           ixont              for              ion   for       »on  now     (total  cc-nms                                                .                                                                                                     „  »_                 j  *                .    . 

P                          r«or4.         1906).         Satan.         Oamboa,         (.xo.pt     and  wat  porlod.                          and  p.rlod.             .on  on        —on            a— on                          Oatan        and  wot        p.rlod. 

wat  .Jon         1912).     ....on)  ««««•         •»•**        •»»  *»                         •»«Pt       .—on. 
for  oatan). 1909-.0. S— SJ1; 2J12: 

..™  OAT"" 
OATOS 

..     .  Avaraga  dl.charga  In 

iT,r*2L^'^^  ..oond-fa.t. 

In  •aoond-f..t1  6  wat  month.   ....      6,656           13.954           13,971         8.007         7,421           6,017             9,655 

4  dry  month.    ....         795           1,536             6,513               4,012           1,U1         1,T1»  s,lo»                                          _„_►*_                    _••              •  «             a  sin         4  032         1191           1642             3  074 

8  wat  month. 4.556  18.954  13.971  8.087         6.017         9.656  4  dry  oonth 798 2^536. 6,618 4^032 1^191 L2: 3'07*  - 

Iw 6.H6  11.472  10.656  5.788         4.682         7.500  Rlv.r  yaar 4.636  10.148  11.486         6.736 6,544 44626 T^Z__ 

— — —  — — ~-       111 

„  ,         .,     .  Volume  dlsohargo  in 

Tolua.  di.ohargw  In  billion  oublo  f..t. 

billion  oublo  fa.t.  e       ,          (h,               138-37         M5-3J           ,M>M       170.84       1B6.e9         127.35           204.26 

4  dry  month.   ....       6.50           26.19              67.99               41.66           K.01         if. 00  *••*»                              ,           __,„,-                    .  «n           »«  10             «»  99         11.66         12.51           16.06             31.87 

8  wat  month. 138.37  295.33  296.66         170.84       127.36       204.26  4  dry  month.   . . . . 8^30 26^9 67;99 «i» KiSi lOjUO 31.0, 

jw 184.66  363.32  537.33         163.55       145.20       237.66  «'«  JO" 146.67         321.52  565.67       212.49       169.40         143.40  236.13 

'  OAHBOA 

AT.rag.  Uooharc  ln  .^.(..^ 

aT         ^!                                       1    T,*             ,.«               2  932                642         1  066  1  638                             8  wat  month.   ....     3.066              6.009             8.306         4.702         4.231           2.538             4.146 

J .£.=£, :•■::■■■!*?.    ,:5.     ':£      .:S    4.JS- i:S.  i:%           * *» -»«- ...._ja9 — uu — »..«*■    »,«« — & m — ia§«_ 

,w 2.6i7  6.296  6.514  3.416         1.914         3,508  Rlrar  y— 2,219  4,576  6.626         4.112         5.101  1.630  3.292 

.    ^  Tolum.  dl.oharga  ln 

™™  li"*fr«r  ln  billion  oublo  faat. 

billion  Oublo   foot:  8  wat  month.   ....     64.89           127.38           175.76         99.36         69.50           49.60             67.69 

J  3  .ST.  ::::..8:.!.    *%    mm     iSla    "*:°"    S:S  .ES           4  ^  mtt.  ...._£,« — u. — mob    y-^ — 9^ — a,** — itsi- 

lMr Tm         sTw  W.Sa  206.02         108.20         60.62       104.78  RlTar  yaar 70.36  144.99  U5.96       129.61         96.36  67.94  104.20 
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Monthly  dleohargo  -  Chagrea  River 
1911 

uanMM  "•*»■  **7  mm  aii«»-' 


Bleoharga  in  aeoond-feet 


Par  i 
aquar*  i 
■»»     1 


Run-off 
(depth  In 
Inonea  on 

ttatui 


January   ■••■•• 

6.260 

1,270 

1,795 

4.20 

4.842 

February 

2,770 

745 

1,177 

2.76 

2.874 

uaroh 

1,980 

535 

696 

1.63 

1.877 

April  

950 

380 

601 

1.17 

1.310 

««y 

26,300 

620 

2,051 

4.80 

5.534 

Juno   ...•••••, 

9,1*0 

1,070 

1,996 

4.76 

5.210 

July 

13,200 

1,020 

2,005 

4.70 

6.419 

Auguat 

16,680 

1,316 

2,630 

6.92 

6,826 

September  .... 

20,000 

1,700 

2,802 

6.56 

7.319 

Ootober  

16,100 

1,686 

2,653 

6. a 

7.169 

November 

34,000 

1,830 

6,168 

14.44 

16.111 

Moabv 

S.390 

1,720 

2,328 

6.46 

6.283 

— H.W 

W 

2.226 

5.21 

6.697 

Monthly  dl»oh*rg»  -  Chagrvi  River 

•ILHAJUELA 

1914 

UjaUftMB  are*.  *i27  |33ft£|  mUa«.) 


Discharge  In  ■soond-fett 


HuyI  TTjrrpi       iii  ninrom 


For 

aquara 
mill 


Run-off 
(depth  In 
lnohea  on 
aajtarahadj 


1914 

January  ,  2,255  630  1,306  3.06  3.523 

February   1,175  470  824  1.93  2.010 

Unroh  640  401  630  1.24  1.430 

April 1,730  306  469  1.10  1.227 

Hay 23,680  369  2,049  4.80  5.534 

Juno  20,060  1,082  2,084  4.88  5.445 

July   25,600  785  1,399  3.28  3.781 

Auguat   21,980.  818  2,066  4.64  5.680 

September   28,820  1,926  4,334  10.16  11.325 

Ootober   31,650  2,600  5,136  12.03  13.869 

November 19,500  2,306  3,804  8.91  9.941 

Dooembor   23,690  2,068  3,213  7.62  6.670 

The  Tear  31.650 305  2.269 g.31 6.028 


OATDS  LIB 

1913 

Hrfllimt  f*-  l-MO  *TO  alia*. 


6  6 

Moan                                                            Storage  Evapora- 

eleiation    Aran  for      Spillway     (AAnoraaaai  tion  from     Sun-off 

(feet  abora      mean        dleoharge.     -deoreaee)  laka          net  yield 

alaratlon  mrfaoe        (44-6) 


iiiTtm  lah 

1914 


1"»1 1 


Total 
ylell 
(4*546) 


80.  Mi.     3eo.-feet      gao.-faat      Sao. -foot    Soo— foot    Soo  .-foot 


1913 

January  ... 

48.22 

67.1 

2,642 

♦    41 

February  .. 

46.34 

67.3 

1,827 

-  629 

46.26 

67.2 

17* 

4  661 

46.77 

87.8 

16» 

4  662 

49.04 

88.5 

6,630 

-  638 

46.61 

87.7 

4,823 

4-  289 

62.02 

94.7 

5» 

4  6,364 

Auguat  .... 

87.32 

106.6 

0 

4  6.896 

September  . 

63.40 

118.1 

0 

4  7,392 

Ootober  ... 

69.32 

130.4 

181" 

4-6,676 

November  .. 

77.48 

147.7 

22«" 

415,296 

Deoember  .. 

63.66 

160.5 

109*" 

4  4,198 

The  Tear  . . 

57.87 

106.88 

1.264 

4-4.008 

• 

Oato  leakage. 

ee 

Filling  Culebra  Oat. 

176j  lookago,  5. 

•  », 

From  neaember,  total  outflow  from  laka. 

pumping. 

etc. 

417 
680 
651 
680 
356 
365 
384 
413 

sa 

490 
472 
584 
484 


2,583 

1,296 

676 

667 

4,992 

6,112 

5,369 

6,896 

7,292 

6,869 

15,317 

4,307 

Ml 


3,000 

1,878 
1,329 
1,147 
3,347 
5,467 
5,753 
7,314 
7,813 
9,349 
16,789 
4,891 
S.T56 


Including-  lookagoe.  leakage. 


1 

2 

Uean 

3 

4 

5 

Storage 

6 
Evapora- 

7 

8 

elevation 

Area  for 

Spillway 

(1 lncreaee; 

tion  from 

Run-off 

Total 

Month 

(feet  above 

mean 

dleoharge. 

-daoraaaa) 

laka 

net  yield 

Yield 

mean  aaa 

elevation 

• 

eurfaoe 

(4  +  5) 

(4+5+6) 

level) 

So.  Ml. 

Soo.    foot. 

Sao.  feat 

Sao.  feet 

Seo .   f ee  t . 

Soo.  feet 

January  . . 

.     84.64 

162.6 

1,026 

4-  713 

680 

1,739 

2,419 

February  . 

.     84.86 

163.0 

930 

-  186 

967 

744 

1.731 

.      84.82 

162.9 

148 

4   19 

1,062 

167 

1,229 

April   

.      84.82 

162.9 

169 

♦  139 

974 

308 

1,282 

.      34.81 

162.8 

3,353 

-  134 

743 

3,219 

3,962 

.      84.85 

162.9 

5,715 

4    69 

665 

6,784 

6,449 

.      84.78 

162.8 

1,898 

0 

780 

1,898 

2,678 

Auguat   . . . 

.     84.93 

163.1 

4,741 

♦  179 

664 

4,920 

5,584 

September 

.      65.57 

164.8 

7,530 

4  2,311 

602 

9,841 

10,443 

Ootober  .. 

.      86.01 

165.6 

14,938 

-  187 

608 

14,762 

15,360 

November  . 

.     86.26 

166.0 

9,925 

♦  1,229 

621 

11,163 

11,775 

Deoamber  . 

■     86.87 

167.0 

6,536 

♦     472 

736 

7,010 

7,747 

The  Tear   . 

.      86.26 

163.8 

4.743 

4     385 

760 

5.128 

5.888 

Includes  leakage.),  lookaget,  pumping  and  power. 
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TABLE  52. 

DISCHARGE   TABLE 
Rivera   tributary   to   Mlraflorse   Lake. 


Date  . 

1 

(Area=9.97  aq.   ml.): 
Pedro  lilRuol         i 

(Arearl3.70  ■«. 
Coooll 

mi.): 

(Araa-10.44  a;,  ml.): 
Calmlto  RlTar         i 

(Areo=4.37  at.  ml.) 
Lover  Bio  Grande 

Date   : 

Area-9.97  B-J.  ml.): 
Pedro  HlKuel         i 

Area-:  13. 70  b\.  ml.) 
Coooll 

(Area-10.44  an.  ml.): 
Calmlto  River         i 

(Area=4.37  sa,.  ml.)    i 
Lower  Rio  Grande       t 

t 
1911  ' 

C.  F.  8.              i 

Keen  Dleoliaxee       i 

C.  F.  8. 

Mean  Dlaohorte       i 

C.  ?.  S. 
Ilaan  DAaoharge       : 

C.  F.  S. 
Ilean  Dlacharse 

1912  i 

C.  F.  S.              : 

Ho&n  Discharge     i 

C.  F.  S. 
ISean  Dlecharge 

C.  F.  S.  t 
lie  an  Dleoharee 

C.  F.  8.                : 
llean  Dlacharge       t 

i 
I 

Jan.  i 

3.50                1 

4.00 

3.00                 i 

8.34 

Jan.    : 

3.34               ■ 

4.70 

2.31                  : 

3.18                    : 

Fat.   : 

2.25                i 

3.50 

.77 

2.14 

Feb.    : 

.89               ■ 

1.60 

.54 

.86                 i 

tax.    I 

1.00 

1.60 

.25 

.96 

Mar.   i 

.32               t 

.45 

.50 

.30                 i 

Apr.  . 

1.10                 i 

.60 

.15 

1.06 

Apr.   i 

.25               ■ 

.44 

.43 

.24                    i 

Hay 

12.40 

11.95 

6.40 

11.84 

ilay     : 

2.69               : 

3.00 

3.60 

2.66                 : 

June 

9.40 

9.05 

4.60 

8.96 

June  : 

6.53                : 

6.30 

5.76 

6.23                 : 

July 

16.  SO 

16.20 

13.40 

16.05 

July  : 

22.20                : 

21.40 

26.80 

21.20                 : 

Aug.    I 

17.10 

16.65 

t                 9.10 

16.31 

Aug.    i 

26.90                : 

27.80 

40.00 

27.60 

Sap. 

16.20 

i                14.65 

i                13.00 

14.51 

Sep.    : 

34.90                l 

33.60 

43.60 

33.30                 i 

Oot. 

62.90 

I                61.00 

i                55.50 

i               50.45 

Oct.    i 

43.20                l 

41.60 

42.20 

1                41.20                   : 

Rot. 

64.  SO 

:                62.00 

:                88.60 

i                 61.40 

Hot.    : 

41.70                i 

57.20 

74.60 

i               39.70                 i 

Ceo. 

13.30 

■                12.  SO 

t                  5.20 

:                 12.70 

Dec.    : 

: 

16.50                t 
J 

16.90 

17.00 

I                15.80                 i 

Month 
Uatm 

>             17.44 

i                16.98 

t 

l                 16.62 

1 

>                16.64 

liOnl  1.1;. 

Mean  : 

: 

i 

16.76                t 

: 

17.83 

I               21.36 

t               16.01 
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Profiles  of  Chagrfs  /?/vfr 

•Jn  o  kv'  in  o 

Chany  es     due    /o    Ga/un  Lake 
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THE  PANAMA  CANAL 

Department  of  Operation  and  Maintenance 

Dlrieion  of  Meteorology  and  Hydrography 
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Study  of  Relation  Between  Rainfall  and  Run-off  for  Gatun  Lake 
Watershed  During  Filling  of  Gatun  Lake,  May  to  December, 
1913. 

The  records  of  rainfall  over  Gatun  Lake  watershed  cover  the 
period  from  May,  1901,  to  December,  1913  (13  years).  The  rain- 
fall and  total  run-off  (including  evaporation  from  Gatun  Lake 
since  May,  1910)  have  been  compiled  by  monthly  averages  and 
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the  percentage  of  run-off  computed.  These  data  have  been 
plotted  both  by  months  and  by  accumulated  quantities  from  May 
to  December,  inclusive. 
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The  run-off  data  for  the  watershed  were  obtained  in  the  fol 
lowing  manner : 

May,  1901,  to  April,  1907,  inclusive,  Bohio  discharge  X  1.62 
May,  1907,  to  April,  1908,        " 


May,  1908,  to  April,  1910, 
May,  1910,  to  Dec,  1913, 


Bohio  plus  Trinidad  plus  Gatun  Eiver 

X  1.10 

Actual   measurements   at    Gatun 
Actual   measurement    of    total   yield, 

discharge,  storage  and  evaporation. 
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The  ratios  1.62  and  1.10  were  determined  from  the  relation 
of  discharge  at  various  stations  measured  from  May,  1908,  to 
April,  1910.  Storage  was  measured  by  the  capacity  curve  of 
Gatun  Lake  and  evaporation  from  data  obtained  at  Gatun  and 
Brazos  Brook  stations. 

Eef erring  to  the  accompanying  Fig.  61,  it  is  obvious  that 
any  considerable  quantity  of  seepage  or  other  underground  losses 
would  show  up  in  a  diminished  run-off  for  1913.  Noting  the 
curves  representing  accumulated  rainfall  and  run-off  it  is  seen 
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Fig.  60. 

that  the  run-off  for  May  to  December,  1913,  follows  closely  the 
average  run-off  for  these  months,  except  December,  when  it  di- 
minishes. The  same  is  true  for  the  rainfall.  This  relation  be- 
tween rainfall  and  run-off  is  shown  directly  by  the  percentage 
curves  which  run  fairly  parallel,  the  1913  curve  crossing  above 
the  average  curve  during  November. 

There  is  one  item  which  must  be  considered  in  connection 
with  the  run-off  for  1913,  and  that  is  the  gain  in  run-off  for  the 
area  now  covered  by  the  lake,  both  on  account  of  the  gain  by 
direct  rainfall  on  the  lake  surface  as  well  as  the  absence  of  water 
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consumed  by  plant  use.  The  evaporation  has  been  added  to  the 
net  yield  (discharge  and  storage)  to  give  the  total  run-off.  These 
facts  help  to  explain  the  large  run-off  in  November  when  the 


area 


of  the  lake  was  large  and  received  the  most  rainfall.  Accom- 
panying Fig-  62  giyes  mass  curves  f°r  the  total  yield,  net  yield, 
yield  of  land  area,  rainfall  on  lake  surface  and  evaporation  in 
billion  cubic  feet  for  May  to  December,  1913.     The  difference 
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between  the  net  and  total  yield  curves  is  given  by  the  evaporation 
curve,  while  the  difference  between  total  yield  and  yield  from 
land  area  is  given  by  the  rainfall  curve.     A  comparison  of  the 
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Fig.  62. 


rainfall  and  evaporation  curves  shows  the  gain  in  run-off  due  to 
direct  rainfall  in  the  lake  surface.  The  storage  curve  is  given  to 
show  the  period  during  which  the  lake  was  rising. 
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JJe  gam  in  r™-off  due  to  direct  rainfall  is  shown  on  Pig. 
M  The  rainfall  curves  show  the  rainfall  on  the  total  watershed, 
land  area  and  lake  area.     The  run-off  curves  show  the  run-off 


Fig.  63. 


from  the  total  watershed  and  the  run-off  from  the  land  area. 
These  values  are  expressed  in  inches  on  the  area  considered,  thus 
eliminating  the  difference  in  the  amount  of  run-off  due  to  the  dif- 


Digitized  by  Microsoft® 


CLIMATOLOGY  AND  HYDROLOGY 


327 


ference  in  area.  The  run-off  curve  for  the  land  area  represents 
the  run-off  in  inches  that  would  have  taken  place  had  there  been 
no  lake.  The  total  run-off  curve  shows  the  gain  in  run-off  in 
inches.  The  percentage  run-off  curves  for  total  area  of  water- 
shed and  land  area  show  this  gain.  These  curves  converge,  due 
to  the  fact  that  the  percentage  of  run-off  from  the  land  area  in- 
creases through  the  rainy  season  and  the  first  part  of  the  dry 
season,  being  lowest  at  the  beginning  of  the  rainy  season. 

Figure  64  gives  the  actual  hydrograph  of  Gatun  Lake  for 
the  period  from  May  to  December,  1913.     The  variation  in  the 
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Fig.  64. 

level  during  May  and  June  was  due  to  the  regulation  of  the 
sluice  gates  in  Gatun  Spillway.  The  Spillway  gates  were  ope- 
rated on  December  27th,  29th,  30th  and  31st,  causing  a  fall  in 
the  lake.  Had  the  water  been  stored  to  the  end  of  December,  the 
elevation  would  have  reached  84.92  feet.  The  actual  period  of 
filling  was  during  the  months  of  July  to  December,  inclusive. 
During  this  time  the  rainfall  was  81.8%  of  the  13-year  average, 
while  the  run-off  was  87.5%  of  the  13-year  average,  showing  a 
gain  in  run-off  of  5%,  probably  due  to  the  direct  rainfall  on  the 
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Tig.  65.     Gatun  Lake. 


Surface  of  Water  at  52.5  ft.  above  Sea  Level,  showing  the 
Dying  Jungle,  December  1912. 


lake  surface,  and  showing  there  has  been  no  loss  of  any  moment 
from  the  lake  by  seepage  or  other  underground  passage. 

The  dry  season  of  1914  was  the  first  one  during  which  Gatun 
and  Miraflores  Lakes  were  approximately  at  operating  level,  thus 
exposing  their  maximum  surfaces  to  the  influence  of  evaporation. 

The  records  for  the  season  are  therefore  indicative  of  what 
may  be  expected  in  coming  years  of  Canal  operation. 
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The  run-off  from  the  watershed  of  Gatun  Lake  during  the 
dry  season,  January  to  April,  inclusive,  amounted  to  16,953  mil- 
lion cubic  feet,  or  61%  of  the  normal  dry  season  run-off  as  de- 
termined from  the  average  of  25  years  of  record.  The  lake  was 
maintained  at  approximately  normal  elevation  throughout  the 
season.  The  total  wastage  of  water  through  the  Spillway 
amounted  to  4,854  billion  cubic  feet.  The  amount  consumed  by 
lockages  to  and  from  the  Atlantic  entrance  was  256  million  cubic 
feet  and  the  amount  by  lockages,  filling,  tests-  and  pumping  to 
and  from  Miraflores  Lake,  581  million  cubic  feet.  In  addition, 
137  million  cubic  feet  were  passed  through  the  tunnel  at  Que- 
brancha  divide  for  supply  to  Brazos  Brook  reservoir. 

It  is  estimated  that  if  none  of  the  water  had  been  allowed  to 
pass  out  of  the  lake,  except  by  evaporation,  the  run-off  was  suf- 
ficient to  have  raised  the  surface  of  the  lake  to  86.18  feet  above 
the  sea-level. 

MISCELLANEOUS  LATA. 

Test  Report  of  Current  Observations  Taken  Below  the  West 
Lower  Operating  Gates,  Miraflores  Locks,  April  4-7,  1914. 

During  the  equalizing  of  the  waters  at  the  lower  lock  gates 
at  Gatun  and  Miraflores,  an  interesting  phenomenon  is  noticed, 
due  to  the  difference  in  the  density  of  the  water  in  the  lake  cham- 
ber and  the  sea-water  below.  When  the  lower  gates  are  opened, 
the  fresh  water  passes  out  as  an  upper  current,  and  the  denser 
sea  water  rushes  in  as  a  lower  current.  The  process  of  equaliza- 
tion continues  several  minutes. 

To  determine  direction  of  currents  between  surface  of  water 
and  El.  — 15.0  ft.,  blades  suspended  from  floats  were  used.  Be- 
low El.  — 20.0  an  instrument  was  needed  which  could  be  held 
rigid  and  which  would  indicate  any  change  in  direction.  A  vane 
10  inches  wide  along  one  half  its  length,  a  ^-in.  iron  rod  forming 
the  other  half,  was  fixed  at  centre,  at  right  angles  to  a  vertical  rod 
which  extended  through  a  sleeve  to  a  point  above  water.  Here, 
a  pointer  was  fixed  parallel  to  the  vane.  The  sleeve  in  which  the 
vertical  rod  turned  was  guyed  to  the  lock  walls  in  such  a  manner 
as  to  facilitate  raising  and  lowering  the  entire  instrument,  thus 
putting  the  vane  into  play  at  any  desired  elevation,  leaving  the 
pointer  to  be  observed  at  a  point  above  water  about  75  feet  out 
from  the  lower  operating  gates.     (See  Fig.  66.) 
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To  determine  the  velocities  of  currents  at  different  eleva- 
tions, four  current  meters  were  mounted  10  ft.  apart  on  a  %-in. 


Lo&W  Chamber 
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Fig.  67. 


pipe  which  was  supported  vertically  in  the  centre  of  the  lock  at  a 

point  about  10  ft.  in  from  the  direction  indicator.     (See  Fig.  67.) 

Raising  and  lowering  were  provided  for  in  a  manner  similar 

to  that  for  direction-indicator  supports.     For  convenience  we 


Digitized  by  Microsoft® 


CLIMATOLOGY  AND  HYDROLOGY 


331 


will  speak  of  the  uppermost  meter  as  No.  783,  the  second  below 
surface  as  No.  732,  the  third  as  No.  211  and  lowest  meter  as  No. 
377.  The  time  intervals  between  readings  of  these  meters  vary 
with  the  type  of  instrument  from  10  seconds  to  1  minute,  and 
the  velocities  given  as  results  of  each  run  are  average  values  cal- 
culated from  readings  taken  during  that  run.  Time  referred  to 
of  opening  and  closing  mitre  gates  begins  with  first  cracking  of 
gates,  and  ends  with  tight  joining.  In  each  case  gates  were 
opened  full,  allowed  to  remain  open  for  about  30  minutes,  then 
closed.  The  lower  guard  gates  remained  open  full  during  all 
test  runs. 

Run  No.  l. 

Tide  —2.6  ft.;   falling 

Meters:  No.  783  at  El.  —7.5  ft.,  No.  732  at  El.  —17.5  ft., 
No.  211  at  El.  —27.5  ft.,  No.  377  at  El.  —37.5  ft. 

Direction  Indicator  at  El.  — 37.5  ft. 


The  flow  of  water  through  the  culvert  from  the  lock  chamber 
to  sea,  in  equalizing,  caused  the  direction  indicator  vane  to  fluctu- 
ate rapidly,  due  to  eddies  set  up.  This  was  reassuring  with 
respect  to  adaptability  of  the  instrument. 

Lower  operating  gates  opened  at  2:36  P.  M.,  closed  2:52  P.  M. 


Direction  of  current  at  El. 


Average  Velocities: 


—5.0  ft.  and  —10.0  ft.  out 
— 37.5  ft.  in   (towards  locks) 
— 7.5  ft.,  2.00  ft.  per  second 
— 17.5  ft.,  Meter  not  recording 

due  to  effect  of  salt  water 

on  contact  points. 
—27.5  ft.,  1.06  ft.  per  sec. 
—37.5  ft.,  1.66  "    "     " 


Run  No.  2. 

Tide  +1.4  ft.;  rising 

Meters:  No.  783  at  El.  —5.0  ft.,  No.  732  at  El.  —15.0  ft., 
No.  211  at  El.  —25.0  ft.,  No.  377  at  El.  —35.0  ft. 
Vane  of.  Direction  Indicator  at  El.  — 30.0  ft. 
Lower  operating  gates  opened  at  9:18  A.  M.,  closed  at  9:45  A. 


Direction  of  current  at  El. 


Average  Velocities: 


-5.0  ft.  and  —10.0  ft.  out 
-30.0  ft.  in 

-5.0  ft.,  1.79  ft.  per  sec. 
-15.0  ft.,  1.85  ft.  per  sec. 
-25.0  ft.,  0.5  ft.  per  sec. 
-35.0  ft.,  2.04  ft.  per  sec. 


M. 
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Bun  No.  3. 

Tide  +2.3  ft.;  falling 

Meters:  No.  783  at  El.  —5.0  ft.,  No.  732  at  El.  —15.0  ft., 
No.  211  at  El.  —25.0  ft.,  No.  377  at  El.  —35.0  ft. 
Indicator  Vane  at  El —25.0  ft. 

Lower  operating  gates  opened  at  2:06  P.  M.,  closed  at  2:35  P.  M. 

Direction  of  currents  at  El —5.0  ft.  and  —10.0  ft.  out 

"         "        "       "   "    —25.0  ft.  in 

Average  Velocities:    "   "    —5.0  ft.,  1.77  ft.  per  see. 

"  "  "   "    —15.0    ft.,    Meter    not   working 

due  to  effect  of  salt  water 
on  contact  points. 

"  "  "  "    —25.0  ft.,  0.61  ft.  per  sec. 

"  "  "   "    —35.0  ft.,  1.89  ft.  per  sec. 


Bun  No.  i. 
Tide  —2.2  ft.;  falling 
Meters:  No.  783  at  El.  —3.0  ft.,  No.  732  at  El.  —13.0  ft., 

No.  211  at  El.  —23.0  ft.,  No.  377  at  El.  —33.0  ft. 
Indicator  Vane  at  El —20.0  ft. 

Lower  operating  gates  opened  at  4:23  P.  M.,  closed  at  4:54  P.  M. 


Direction  of  current  at  El. 


Average  Velocities: 


—5.0  and  —10.0  out 
—20.0  ft.  out 
—3.0  ft.,  1.56  ft.  per  sec. 
—13.0  ft.,  1.58  ft.  per  sec. 
—23.0  ft.,  0.89  ft.  per  sec. 
—33.0  ft.,  1.28  ft.  per  see. 


Bun  No.  5. 

Tide  —0.3  ft.;  rising 

Meters:  No.  783  at  El.  —2.0  ft.,  No.  732  at  El.  —12.0  ft., 
No.  211  at  El.  —22.0  ft.,  No.  377  at  El.  —32.0  ft. 
Indicator  Vane  at  El —25.0  ft. 

Lower  operating  gates  opened  at  9:26  A.  M.,  closed  at  9:58  A.  M. 

Direction  of  currents  at  El —5.0  ft.  and  —10.0  ft.  out 

a         ii        i<       "   "    —25.0  ft.  out 

Average  Velocities:    "  "    —  2-0  ft-,  1-65  ft.  per  sec. 

«<  <<  "   "    —12.0  ft.,  1.71  ft.  per  sec. 

u  "  "   "    —22.0  ft.,  0.75  ft.  per  sec. 

,,  i'  "   "    —32.0  ft.,  1.08  ft.  per  sec. 
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Bun  No.  6. 

Tide  +  4.7  ft.;  rising 

Meters:  No.  783  at  El.  —3.0  ft.,  No.  732  at  El.  —13.0  ft., 
No.  211  at  El.  —23.0  ft.,  No.  377  at  El.  —33.0  ft. 
Indicator  Vane  at  El —25.0  ft. 

Lower  operating  gates  opened  at  11:40  A.  M.,  closed  at  12:05  P.  M. 
Direction  of  currents  at  El —5.0  ft.  and  — 10.0  ft.  out 


Average  Velocities: 


-25.0  ft.  in 

-3.0  ft.,  1.60  ft.  per  sec. 
-13.0  ft.,  1.53  ft.  per  sec. 
-23.0  ft.,  0.27  ft.  per  see. 
-33.0  ft.,  1.46  ft.  per  sec. 


On  a  vertical  base  line,  velocity  in  is  plotted  to  right  and 
velocity  out,  to  left.  The  vertical  depth  from  mean  sea-level  to 
El.  — 50.0  ft.  or  floor  of  lock  is  the  ordinate;  for  instance,  in 
Run  No.  1,  the  direction  of  current  determined  by  float  is  out,  at 
El.  — 7.5  ft.,  and  velocity  at  this  elevation  is  2.00  ft.  per  second. 
Therefore,  going  down  the  vertical  base  line  from  0  to  — 7.5  ft. 
and  horizontally  to  left,  the  point  on  the  curve  is  struck.  These 
six  curves  show  that  at  some  point  between  El.  — 20.0  ft.  and 
— 30.0  ft.  the  velocity  is  zero.  In  Euns  1,  2,  3,  and  6,  this  neutral 
point  is  about  El.  — 24.0  ft.  and  in  Nos.  4  and  5,  a  little  lower. 

For  Euns  Nos.  5  and  6,  which  are  typical,  time  intervals  of 
one  minute  are  plotted  left  to  right.  Feet  per  second,  velocity  at 
each  minute  is  plotted  up  when  direction  is  out,  and  down  when, 
direction  is  in.  It  has  been  assumed  from  the  test  runs,  that,  at 
a  given  elevation,  the  direction  of  current  is  the  same  for  all 
operations  of  gates,  and  this  assumption  was  used  in  plotting 
curves.  It  will  be  noted  in  comparing  these  curves  for  Runs  Nos. 
5  and  6  that  Meter  No.  211  in  Eun  No.  5,  at  El.  —22.0  ft.,  shows 
a  velocity  running  above  0.6  ft.  per  second  out.  But,  in  Eun 
No.  6,  with  Meter  211,  at  — 23.0  ft.,  which  is  nearer  the  neutral 
point  shown  by  the  curves  of  the  six  tests,  the  velocity  is  less  than 
in  Eun  No.  5,  and  drops  to  zero  in  four  readings.  This  substan- 
tiates the  results  obtained  with  respect  to  the  elevation  of  the 
point  of  zero  velocity. 
The  Filling  of  Culebra  Cut,  October  10,  1913. 

Prior  to  October  10,  1913,  the  waters  of  the  Chagres  Eiver 
were  kept  from  entering  Culebra  Cut  by  means  of  an  earth  dike 
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72  feet  high  across  the  Canal  at  Gamboa.  Prior  to  the  explos- 
ion, water  was  admitted  to  the  Cut  through  pipes,  in  order  to 
reduce  the  head. 

At  2 :00  P.  M.  the  elevation  of  Gatun  Lake  at  Gamboa  water- 
stage  register  was  67.72  ft.  and  the  gage  in  Culebra  Cut  recorded 
61.90  ft.,  giving  a  head  of  5.82  feet  in  the  dike  at  the  time  the  ex- 
plosion occurred  (2:03  P.  M.).  The  wave  passed  the  gage  staff 
located  about  3000  feet  south  of  the  dike  at  2 :07  P.  M.  with  a 
maximum  elevation  of  63.20  feet,  making  the  elevation  of  the 
wave  at  this  point  1.3  feet.  The  elevation  fell  to  62.8  feet  at 
2 :10  P.  M.,  followed  by  a  gradual  rise  until  4 :15  P.  M.  The 
levels  on  either  side  of  the  dike  were  equalized  at  elevation  67.9 
ft.  The  rise  at  Empire  bridge  began  at  2 :16  P.  M.  The  rise  was 
gradual  and  no  large  wave  was  observed. 

The  rise  at  Cucaracha  began  at  2:21  and  at  2:25:10  the 
-elevation  had  reached  elevation  63.04  ft.,  from  which  it  fell  to 
elevation  62.69  ft.  at  2 :25 :40  P.  M.,  after  which  the  rise  was  fairly 
steady  until  4:15  P.  M.  No  large  wave  was  observed  at  this 
station. 

The  water  in  the  Cut  and  in  the  vicinity  of  Gamboa  water- 
stage  register,  located  about  1300  feet  east  of  the  east  end  of 
Gamboa  dike,  was  about  0.2  feet  higher  than  the  main  body  of 
water  in  Gatun  Lake  at  4 :15  P.  M.,  due  to  inertia  of  the  flow 
from  the  lake  following  the  explosion  and  the  reflex  action  of  the 
water  in  the  Cut. 

Following  the  explosion,  the  elevation  at  Gamboa  water- 
stage  register  dropped  to  67.43  ft.  at  2:30  P.  M.  Two  hours 
later  it  had  risen  to  67.91  ft.,  from  which  elevation  it  gradually 
fell  until  7 :00  P.  M.,  when  the  gage  registered  67.71  ft.  From 
7:00  P.  M.  the  water  rose  gradually  until  10:00  P.  M.,  when 
elevation  67.76  ft.  was  recorded,  at  which  elevation  it  remained 
until  7 :00  A.  M;,  October  11th.  Similar  effects  are  shown  at  the 
other  stations,  but  the  fluctuations  are  less,  being  governed  by 
the  distance  from  Gamboa. 

The  filling  of  the  Cut  from  elevation  61.90  ft.  to  67.72  ft. 
represented  about  62  million  cubic  feet  of  water,  or  a  depth  of 
0.02  feet  in  Gatun  Lake  at  elevation  67.72  ft. 

With  Gatun  Lake  at  elevation  plus '85  feet,  to  fill  Culebra 
Cut  would  reduce  the  lake  level  0.20  of  a  foot. 
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THE  DRY  EXCAVATION  OF  THE  PANAMA  CANAL. 


By 

Major  General  GEOEGE  W.  GOETHALS,  TJ.  8.  Army 

M.  Am.  Soe.  C.  E.,  Governor  of  the  Canal  Zone 

Formerly  Chairman  and  Chief  Engineer,   Isthmian  Canal  Commission 

Balboa  Heights,  Canal  Zone,  Panama 


The  French  Company,  engaged  in  the  construction  of  the 
Panama  Canal,  in  order  to  retain  the  concession  secured  from 
the  Eepublic  of  Colombia,  continued  work  up  to  the  time  it 
transferred  its  rights  and  properties  to  the  United  States,  in 
May,  1904.  Due  to  lack  of  funds,  the  working  force  had 
dwindled  to  approximately  800  men,  and  these  were  engaged 
almost  exclusively  in  continuing  the  excavation  of  the  prism 
through  the  continental  divide,  or  that  section  known  as  Cu- 
lebra  Cut*  and  commonly  called  "The  Cut". 

"Work  in  this  locality  was  begun  by  the  Compagnie  Uni- 
verselle  du  Canal  Interoceanique,  and  continued  by  the  New 
Panama  Canal  Company,  which  was  organized  on  the  failure 
of  the  former.  This  section  extends  from  Gamboa  on  the 
Chagres  Eiver  at  the  north,  to  Pedro  Miguel  on  the  south,  and 
covers  a  length  of  8.75  miles.  The  summit  of  the  divide  was 
between  Gold  Hill  on  the  east  and  Contractor's  Hill  on  the 
west ;  the  top  of  the  former  is  at  elevation  540  above  sea  level, 
and  of  the  latter  410  feet  above  the  same  datum.  The  lowest 
point  in  the  saddle  between  these  two  hills  was  at  elevation 
333.5  above  sea  level.  The  canal  prism  took  in  nearly  all  of 
the  saddle,  therefore  parts  of  the  two  hills.  The  general  pro- 
file along  the  axis  of  the  Cut  is  indicated  in  Plate  I. 

After  removing  the  peak  of  the  divide  and  lesser  summits, 
the  French  attacked  the  Cut  in  the  direction  of  its  length,  en- 

*By  Executive  Order  of  April  27,  1915,  the  name  "Culebra  Cut" 
was  changed  to  "Gaillard  Cut"- 
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ablmg  the  simultaneous  use  of  a  number  of  excavating  ma- 
chines, so  that  a  succession  of  trenches  resulted,  lying  one  above 
the  other,  each  with  the  natural  surface  of  the  ground  as  a 
point  of  beginning.  The  cross-section  of  the  resulting  ex- 
cavated area  thus  appears  as  a  series  of  steps  each  about  16 
feet  high,  the  depth  to  which  the  excavators  could  work,  and 
of  sufficient  width  for  the  excavator  and  track  for  the  train 
which  served  it. 

The  equipment  in  use  by  the  French  consisted  of  excava- 
tors mounted  on  trucks.  On  the  body  of  the  car  was  a  frame 
supporting  a  ladder  which  projected  over  the  side,  with  a  tum- 
bler at  either  end,  about  which  worked  an  endless  chain  carry- 
ing buckets  of  a  capacity  of  6  cubic  feet.  The  contents  of  the 
buckets  were  dumped  into  a  hopper  supported  just  below  the 
upper  end  of  the  ladder  from  which,  by  means  of  a  chute,  the 
material  was  loaded  into  cars  alongside  the  excavator.  The 
locomotives  varied  in  weight  from  28  to  38  tons,  with  a  draw- 
har  pull  of  11,000  pounds  in  the  former  and  14,450  pounds  in 
the  latter.  The  cars  were  six-metre  cars  holding  4%  cubic 
metres  of  material  in  place.  There  was  also  a  large  number 
of  dump  buckets  of  l1/^  cubic  metre  capacity  which  were 
handled  by  cranes  mounted  on  trucks.  In  addition,  there  was 
in  use  a  system  of  cableways,  consisting  of  four  cables  of 
American  manufacture  and  two  of  French,  handling  buckets 
of  one  cubic  metre  capacity.  These  cableways  extended  across 
the  Cut,  supported  by  towers  on  either  side ;  the  buckets  were 
filled  by  hand,  and  were  then  drawn  to  the  bank  of  the  Cut  and 
dumped  into  cars.  The  French  resorted  to  a  large  amount  of 
task  work,  which  was  performed  by  West  Indian  negroes ;  each 
man  was  required  to  do  a  specific  amount  of  work  per  day, 
could  utilize  his  own  time  in  doing  it,  and  do  as  much  more  as 
he  saw  fit.  The  work  was  paid  for  by  the  bucket.  The  rails 
used  were  60  pounds  to  the  yard,  and  recourse  was  had  to  both 
wooden  and  metal  ties.  The  gauge  conformed  to  that  of  the 
Panama  Railroad,  or  5  feet. 

"When  the  United  States  assumed  control,  the  two  French 
companies  had  removed  from  the  Cut  a  total  of  18,646,000  cubic 
yards  of  material,  of  which  7,271,940  cubic  yards  were  classi- 
fied as  rock  and  the  balance  as  earth,  principally  clay.     The 
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highest  point  in  the  excavated  area,  or  the  summit  of  the  Cut, 
was  near  Gold  Hill  and  at  reference  193  above  sea  level.  With 
the  transfer  of  the  French  rights  and  properties,  the  United 
States  forces  continued  the  excavation  through  the  divide, 
utilizing  the  equipment  in  use  and  making  available  such  other 
tools  and  appliances  as  were  suitable  for  the  purpose.  Great 
advances  had  been  made  in  excavating  machinery,  and  steps 
were  at  once  taken  to  replace  the  excavators  by  the  heaviest 
and  latest  types  of  steam  shovels  procurable.  The  main  prob- 
lem that  the  excavation  of  Culebra  Cut  presented  was  one  of 
transportation — getting  the  excavated  material  from  the  shovels 
to  the  spoil  banks;  so  steps  were  taken  to  provide  heavier 
engines  and  larger  cars,  with  heavier  rails.  An  enormous 
amount  of  preliminary  work  had  to  be  done  before  the  exca- 
vation of  the  Culebra  Cut  could  proceed  on  a  scale  that  would 
insure  its  completion  within  a  reasonable  time,  and  to  the 
thoroughness  with  which  this  preliminary  work  was  done  is 
attributable  the  success  subsequently  attained.  The  distance 
from  the  source  of  supply  necessitated  the  shipment  of  steam 
shovels,  cars  and  locomotives  in  a  knocked-down  condition, 
and  their  subsequent  assembling  and  re-erection  on  the  Isth- 
mus. For  this  purpose,  existing  shops  were  overhauled,  re- 
habilitated and  extended,  and  new  ones  were  built.  The  Pan- 
ama Railroad,  which  had  deteriorated,  due  to  lack  of  funds  for 
its  proper  maintenance,  was  put  in  first-class  condition,  pro- 
vided with  heavier  rails,  and  double-tracked  for  nearly  its  en- 
tire length.  Roundhouses  were  built,  yards  constructed,  the  con- 
struction tracks  in  the  Cut  were  thoroughly  overhauled,  bal- 
lasted, and  70-pound  rails  substituted. 

Cutting  the  prism  of  the  canal  through  the  continental 
divide  was  the  most  formidable  part  of  the  canal  enterprise,  due 
to  its  magnitude,  the  relatively  contracted  space  within  which  the 
operations  had  to  be  conducted,  the  heavy  rainfall,  and  the 
natural  difficulties  that  were  encountered  and  had  to  be  overcome. 

The  line  of  the  canal  follows  the  valley  of  the  Chagres 
River  to  the  mouth  of  the  Obispo  River.  This  stream  has  its 
source  east  of  Gold  Hill,  and  measured  along  the  center  of  Cu- 
lebra Cut  was  five  miles  long;  it  drained  an  area  of  approxi- 
mately 4.42  square  miles.     The  canal  line  followed  the  valley 
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of  the  Obispo,  crossing  it  ten  times,  to  the  continental  divide, 
and  after  leaving  this,  passed  to  the  Pacific  through  the  valley 
of  the  Eio  Grande.  The  Obispo  Eiver  had  four  principal  tribu- 
taries—the Masambi  and  Sardanilla  Rivers  from  the  east,  and 
the  Mandingo  and  Camacho  Rivers  from  the  west.  The  aver- 
age rainfall  for  the  Culebra  section  is  79.05  inches,  falling  in 
eight  or  nine  months  of  the  year.  "Whatever  rain  was  not  car- 
ried off  by  the  streams,  entered  the  Cut,  either  through  direct 
fall  over  the  excavated  area  or  by  seepage  into  it.  Proper 
drainage  was,  therefore,  an  ever-existing  problem,  and  one  of 
the  natural  difficulties  to  be  overcome.  Two  distinct  phases 
were  presented :  (1)  To  keep  out  the  water  of  the  surround- 
ing country,  and  (2)  to  rid  the  excavated  area  of  the  water 
that  collected  in  it. 

The  French  had  undertaken  the  construction  of  diversion 
channels,  one  on  either  side  of  the  excavated  area,  to  take  care 
of  the  water  of  the  surrounding  country.  On  the  east  side,  a 
ditch  carried  the  water  to  points  nearly  opposite  Las  Cascadas, 
where  it  was  intended  to  construct  an  aqueduct  by  which  to 
carry  it  across  the  Cut  into  the  diversion  channel  to  be  con- 
structed on  the  west  side;  existing  plans  also  indicate  a  project 
for  carrying  the  stream  lying  south  of  this  aqueduct  by  a 
tunnel  through  the  La  Pita  ridge,  thus  carrying  the  water  well 
back  from  the  Cut.  On  the  west  side,  a  ditch  carried  the  water 
from  Empire  to  Las  Cascadas,  and  at  this  place  it  poured  into 
the  Cut.  The  projected  plans  provided  for  extending  the  ditch 
to  Bas  Obispo,  where  it  would  enter  the  Obispo  River,  which 
joined  the  Chagres  to  the  west  of  the  Cut.  Between  Haut 
Obispo  and  Bas  Obispo  the  river  was  deflected  sharply  by  a 
hill,  and  through  it  the  French  cut  a  tunnel  to  divert  the 
stream,  thus  protecting  the  excavated  area ;  but  it  had  not  been 
connected  up.  The  tunnel  is  420  feet  long,  16  feet  high  from 
the  floor  to  the  crown  of  the  arch,  with  a  minimum  cross-sec- 
tion of  100  square  feet. 

The  sea-level  canal,  as  projected  by  the  French,  contem- 
plated a  bottom  width  through  the  Cut  of  72  feet.  With  the 
canal  adopted  by  the  United  States  of  a  bottom  width  of  200 
feet  and  a  depth  of  45  feet,  a  considerable  change  in  the  exist- 
ing diversion  channels  was  made  necessary,  and  as  carried  out 
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there  was  a  channel  on  either  side — the  Obispo  diversion  on  the 
east  and  the  Camaeho  on  the  west. 

The  Obispo  diversion  was  constructed  to  carry  the  largest 
recorded  flow  in  forty-eight  hours,  which  was  6000  second  feet. 
Its  length  was  5.5  miles,  and  the  minimum  width  of  channel 
was  50  feet.  Beginning  near  Gold  Hill  opposite  Culebra  the 
diversion  ran  along  the  east  side  practically  parallel  to  the 
canal  until  opposite  Haut  Obispo,  where  it  was  carried  around 
the  hills  bordering  the  Cut  through  a  saddle  or  depression,  and 
emptied  its  waters  into  the  Chagres  one-half  mile  above  Gamboa 
and  about  one  mile  from  the  crossing  of  the  canal  and  the 
Chagres.  The  construction  of  the  Obispo  diversion  involved 
excavating  1,078,000  cubic  yards  of  rock  and  earth,  building 
V/z  miles  of  dikes,  driving  sheet  piling  along  896  feet  of  the 
dikes,  and  building  1.6  miles  of  trestles  from  which  earth  was 
dumped  to  make  the  dikes,  the  material  having  been  obtained 
from  the  line  of  the  diversion  and  from  the  Cut. 

Because  of  its  proximity  to  the  Cut,  this  diversion  gave  a 
great  deal  of  trouble,  and  was  undoubtedly  responsible  for 
some  of  the  slides  which  developed.  These  movements  neces- 
sitated several  changes  in  the  location  of  the  channel,  particu- 
larly in  the  section  lying  between  points  opposite  Culebra  and 
Las  Cascadas;  these  changes  required  the  handling  of  155,376 
cubic  yards  of  material.  In  May,  1910,  it  caused  the  breaks 
which  occurred  at  La  Pita  Point,  and  the  subsequent  break 
north  of  La  Pita  Point  on  August  20,  1912,  at  which  time  the 
Cut  to  the  north  was  so  completely  flooded  as  to  stop  all  ex- 
cavation for  three  miles  during  the  remainder  of  the  wet  sea- 
son. To  keep  the  water  in  the  diversion  out  of  the  Cut  after 
the  break  of  May,  1910,  it  was  necessary  to  build  a  concrete 
flume  around  La  Pita  Hill ;  it  was  400  feet  long,  22  to  24  feet 
wide  at  the  bottom,  and  the  overall  height  of  the  wall  next  to 
the  Cut  was  9  feet,  giving  an  inside  channel  height  of  7  feet. 
Subsequent  to  the  break  in  the  diversion  on  August  20,  1912, 
a  relocated  channel  was  dug,  requiring  the  excavation  of  76,004 
cubic  yards  of  material.  "When  dry  excavation  in  the  Cut  was 
stopped,  and  after  water  from  the  lake  had  been  admitted  to 
it,  the  diversion  was  tapped  at  six  places  and  the  water  from 
the  east  side  now  flows  into  the  Cut. 
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The  work  done  by  the  United  States  on  the  west  side  of 
the  canal  consisted  in  the  creation  of  a  reservoir  for  water 
supply  to  the  settlements  at  Empire  and  Culebra  by  the  con- 
struction of  a  dam,  with  a  suitable  spillway,  across  the  upper 
valley  of  the  Camacho,  which  took  care  of  part  of  the  discharge 
of  one  of  the  streams;  in  joining  the  existing  diversion  ditch 
at  Las  Cascadas  with  the  Obispo  River  at  Haut  Obispo ;  revet- 
ting the  sides  of  the  ditch  where  it  runs  near  the  Cut;  and 
cleaning  out  the  tunnel  and  the  ditch  between  the  south  end 
of  the  tunnel  and  the  Obispo  River.  About  85,000  cubic  yards 
of  material  were  excavated  and  4748  square  yards  of  stone 
revetment  laid. 

On  the  south  slope  of  the  divide,  the  only  stream  that 
crossed  the  line  of  the  canal  within  the  limits  of  Culebra  Cut 
was  the  Rio  Grande.  The  French  built  a  dam  across  this  val- 
ley, half  a  mile  from  the  Cut,  thus  partially  impounding  its 
waters;  the  surplus  passed  over  a  spillway  into  a  diversion 
channel  paralleling  the  Cut,  1.7  miles  long,  to  the  old  river- 
bed to  the  south.  The  dam  was  raised  in  1907,  and  the  reser- 
voir created  thereby  furnished  water  to  the  adjacent  settle- 
ments ;  the  overflow  was  taken  care  of  through  the  French  di- 
version. After  water  was  admitted  to  the  Cut,  an  opening  was 
made  in  the  east  embankment,  thus  allowing  the  overflow  to 
discharge  directly  into  the  canal,  and  removing  the  danger  that 
might  result  from  the  diversion. 

The  water  that  collected  in  the  excavated  area  was  carried 
off  by  gravity  until  the  depth  of  the  Cut  necessitated  the  use  of 
pumps  for  handling  the  water  that  flowed  to  them  by  gravity. 
The  excavation  done  by  the  French  was  up  grade  from  either 
end,  and  the  water  that  fell  or  seeped  in  north  of  the  summit 
flowed  to  the  Chagres  River,  while  that  on  the  south  slope 
flowed  to  the  Rio  Grande.  The  work  done  by  the  United  States 
was  carried  on  in  the  same  manner,  the  gradient  and  the  sum- 
mit in  the  Cut  being  fixed  in  such  a  way  as  to  provide  proper, 
prompt  and  efficient  drainage.  The  reference  of  the  low-water 
surface  of  the  Chagres  was  43,  at  the  point  of  its  intersection 
with  the  center  line  of  the  canal.  The  bottom  of  the  completed 
canal  is  40.  During  construction  a  dike  at  elevation  71  feet 
was  left  to  keep  out  the  waters  of  the  Chagres,  but  this  was. 
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overtopped  once  and  broke  once  during  a  flood.  The  dike  was 
subsequently  raised  to  78.2  feet,  as  the  lake  was  formed,  and 
maintained  at  this  elevation  until  October  10,  1913,  when  it  was 
partially  destroyed  and  the  water  in  the  Cut  raised  to  the  level 
of  the  water  in  Gatun  Lake.  To  take  care  of  flood  waters  that 
might  enter  the  canal,  six  24-inch  pipes  were  laid  through  the 
dike,  two  at  elevation  46,  two  at  52,  and  two  at  56,  each  with 
a  suitable  valve.  All  water  above  52  was,  therefore,  carried 
into  the  Chagres  by  gravity  after  subsidence  of  any  flood.  To 
remove  the  remainder,  or  when  there  was  no  flood,  to  remove 
what  flowed  to  the  north  end  by  gravity,  pumps  were  installed 
as  they  were  required.  At  the  end  of  the  dry  excavation  period 
the  following  pumping  equipment  had  been  provided : 

Three  duplex  pumps,  16  in.  by  22  in.  by  18  in.,  capacity 
4200  gallons  per  minute  each. 

Two  Wagner  pumps,  16  in.  by  18  in.  by  12  in.,  capacity  445 
gallons  per  minute  each. 

One  Worthington  centrifugal  pump,  24-in.  discharge,  ca- 
pacity 18,000  gallons  per  minute. 

Two  French  centrifugal  pumps,  capacity  7000  gallons  each 
per  minute. 

Subsequent  to  the  installation  of  the  above,  or  in  August, 
1912,  two  French  centrifugal  pumps,  capacity  7000  gallons  each 
per  minute,  were  added  to  the  plant. 

As  already  noted,  drainage  to  the  south  was  to  the  Rio 
Grande  River,  and  was  to  continue  until  it  could  be  turned 
through  one  of  the  culverts  of  the  Pedro  Miguel  locks.  This 
was  delayed,  due  to  change  in  lock  plans  necessitating  consid- 
erably more  work,  both  excavation  and  concrete,  than  was 
originally  contemplated ;  the  construction  of  the  Pedro  Miguel 
dam  across  the  valley  of  the  river  could  be  delayed  no  longer, 
so  recourse  was  had  to  pumping  for  a  period  of  six  months.  A 
sump  was  dug  to  collect  the  water  for  the  intakes,  and  the 
pumps  installed,  about  March  1,  1911,  consisted  of  two  16-inch 
centrifugal,  three  10-inch  centrifugal,  one  12-inch  centrifugal, 
one  6-inch  centrifugal,  one  10-inch  Therion,  one  8-ineh  Wagner, 
and  one  6-inch  Wagner,  with  a  capacity  of  approximately  38,250 
gallons  per  minute. 

The  operations  connected  with  the  removal  of  material 
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from  the  canal  prism  consisted  of  drilling,  loading  with  ex- 
plosive, blasting,  excavation  by  steam  shovel  or  other  equip- 
ment, transportation,  and  operations  at  the  dumps. 

The  steam  drills  turned  over  by  the  French  were  replaced 
as  new  ones  could  be  secured,  and  these  were  of  the  tripod  and 
churn  or  well-drill  types.  The  tripod  drills  were  fitted  for 
working  with  air  at  90  pounds  pressure,  and  those  in  general 
use  were  fitted  with  3%-in.  cylinders  to  drill  24-ft.  holes  2  in. 


Fig.  1.    Culetra  Cut,  Culebra.    Air  Drills  on  Side  of  Contractor's  Hill,  Look- 
ing South.     January  1912. 

to  3  in.  in  diameter ;  others  were  provided  with  cylinders  vary- 
ing from  2%  in.  to  4%  in.  in  diameter,  capable  of  drilling  holes 
from  10  ft.  to  30  ft.  deep,  with  diameters  varying  from  V/±  in. 
to  3%  in.  In  addition,  one-man  portable  pneumatic  air  drills 
were  purchased  for  drilling  holes  in  masses  of  rock  too  large 
to  "dobe"  blast,  preparatory  to  breaking  up  by  small  charges, 
and  to  trim  off  the  side  slopes.  The  two  sizes  in  general  use 
had  1%-in.  diameter  cylinders  drilling  1%-in.  holes  3  ft.  deep, 
and  %-in.  holes  6  in.  deep;  two  special  types  were  also  used, 
one  with  a  1%-in.  cylinder  for  holes  20  in.  to  36  in.  deep,  V/^  in. 
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diameter,  and  the  other  with  1-in.  cylinder  to  drill  holes  36  in. 
deep,  %  in.  in  diameter. 

Over  200  churn  or  well  drills  were  purchased  and  used  at 
various  points  along  the  route  of  the  canal  where  dry  excava- 
tion was  in  progress,  and  this  type  did  the  greatest  part  of  the 
drilling  in  Culebra  Cut.  They  were  equipped  with  boilers  and 
engines,  and  were  capable  of  drilling  holes  5  in.  in  diameter  and 
100  ft.  deep.    Those  in  use  in  Culebra  Cut  were  operated  by  air ; 


Fig.  2.     Culebra   Out,   Culebra.    Looking   North   from  West  Bank.     Well   Drills   on 
Last  Ledge  on  Bottom  of  Canal.    August  1913. 

in  isolated  localities,  where  compressed  air  was  not  available, 
the  steam  apparatus  was  utilized. 

Arrangements  were  made  early  in  1905  for  the  purchase 
and  installation  of  air  compressors  to  operate  the  drills  in  the 
Cut,  and  there  resulted  three  plants,  one  at  Rio  Grande,  one  at 
Empire,  and  one  at  Las  Cascadas.  The  Rio  Grande  air  com- 
pressor plant  was  established  in  1907,  and  equipped  with  two 
Ingersoll-Rand  "Imperial",  type  10,  compressors,  capacity  2500 
cubic  feet  of  air  per  minute  each,  compressing  to  105  pounds 
gauge;  two  Laidlaw-Dunn-Gordon  Company  compressors,  with 
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capacity  the  same  as  the  foregoing.  In  1909  the  plant  was  in- 
creased by  the  addition  of  one  more  Ingersoll-Rand  compres- 
sor, with  the  same  capacity  as  the  others.  The  compressors 
were  operated  by  six  250-hp.  horizontal,  return  tubular  Robb- 
Mumford  oil-fired  steam  boilers.  The  Empire  air-compressor 
plant  was  established  at  the  same  time  as  the  Rio  Grande  plant, 
and  practically  similar  equipment  was  installed,  except  that 
twelve  boilers  were  used,  six  of  which  were  required  in  con- 
nection with  the  electric  plant.  The  same  increase  was  made 
in  1909  as  at  the  Rio  Grande  plant.  The  Las  Cascadas  air-com- 
pressor plant  was  established  in  1907 ;  the  equipment  consisted 
of  two  Ingersoll-Rand  "Imperial",  type  10,  compressors,  ca- 
pacity of  each  2500  cubic  feet  of  air  per  minute,  compressing 
to  105  pounds  gauge,  and  two  Laidlaw-Dunn-Gordon  Company 
compressors  of  the  same  capacity.  These  compressors  were  op- 
erated by  six  250-hp.  horizontal,  return  tubular  Phoenix  oil- 
fired  steam  boilers.  A  10-in.  pipe,  with  4-in.  and  6-in.  leads 
running  into  the  canal  prism,  along  the  west  bank,  connected 
these  plants. 

The  supply  of  water  to  the  steam  shovels  and  compressed 
air  to  the  well  and  tripod  drills  working  in  Culebra  Cut  con- 
stituted a  considerable  problem,  with  the  shovels  and  drills  con- 
stantly moving  forward,  and  with  the  change  in  elevation  as 
the  excavation  advanced.  An  indispensable  part  of  the  digging 
of  Culebra  Cut  was  the  furnishing  of  a  constant  supply  of  water 
and  compressed  air,  and  this  duty  was  assigned  to  a  special 
section  of  the  division  organization,  which  did  no  other  work. 
Water  was  supplied  from  the  reservoirs  at  Rio  Grande  and 
Camacho,  and  from  various  pumping  stations  established  especi- 
ally for  the  purpose,  and  air  from  the  compressor  plants.  A 
common  method  was  used  in  distribution. 

Culebra  Cut  is,  roughly  speaking,  &/2  miles  long.  A  par- 
allel system  of  air  and  water  mains,  with  6-,  8-  and  10-inch 
pipes,  was  run  along  each  side  of  the  Cut,  and  the  mains  were 
so  connected  as  to  make  a  complete  circuit  around  the  8% 
miles  of  excavation,  with  a  connection  half  way.  At  intervals 
of  about  1500  feet,  gate  valves  were  placed,  by  means  of  which 
the  water  or  air  could  be  shut  off  from  any  section  of  the  cir- 
cuit without  cutting  off  the  supply  from  the  remaining  sec- 
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tions.  At  intervals  of  500  feet,  lateral  mains  of  6-,  4-  and  2-inch 
pipes  were  run  from  the  supply  mains  over  the  edge  and  into 
the  Cut;  these  likewise  were  supplied  with  gate  valves,  and  at 
their  free  ends  were  connections  to  which  pipe  or  hose  could 
be  attached  to  carry  water  or  air  to  the  shovels  or  drills.  In 
all,  there  were  181,200  linear  feet,  or  34.31  miles,  of  6-,  8-  and 
10-inch  air  and  water  mains  in  use,  and  45,300  feet,  or  8.6  miles, 
of  lateral  drop  pipes.  An  average  of  400,000  linear  feet,  75.7 
miles,  of  supply  pipes  to  the  drills  and  shovels  from  the  lateral 
drops,  was  taken  up  and  relaid  monthly.  One  of  the  frequent 
causes  for  moving  the  mains  was  the  slides.  In  the  latter  part 
of  1911  the  gradual  breaking  away  of  a  part  of  the  bank  made 
it  necessary  to  move  back  both  the  air  and  water  mains  a  dis- 
tance of  several  hundred  feet  from  the  edge  of  the  Cut.  Other 
similar  removals,  which  amounted  to  taking  up  and  relaying 
whole  sections  of  the  mains,  were  necessary ;  yet  on  account  of 
the  system  of  maintaining  two  complete  circuits,  these  removals 
never  delayed  the  work. 

The  drills  were  operated  generally  in  batteries  of  from 
four  to  sixteen  drills,  covering  a  width  of  from  30  to  50  feet; 
the  holes,  from  15  to  30  feet  in  depth,  were  spaced  from  6  to 
16  feet  apart.  The  distance  apart  and  the  number  of  drills  in 
a  battery  depended  upon  the  character  of  the  rock  encountered. 
Subsequent  to  January,  1911,  when  it  was  thought  that  heavy 
blasting  had  a  tendency  to  induce  slides,  the  holes  were  limited 
as  a  rule  to  a  depth  of  15  feet. 

The  sharpening  of  drills  and  miscellaneous  small  black- 
smith jobs  were  done  at  first  in  shops  located  at  Rio  Grande, 
Paraiso,  on  the  west  bank  opposite  Cucaracha,  Empire,  and  at 
Whitehouse  (near  Cascadas),  but  as  the  Cut  was  deepened, 
facilities  more  accessible  became  necessary.  The  shops  on  the 
upper  level  gradually  disappeared  and  were  moved  to  the  Cut 
proper.  These  consisted  of  three  small  stationary  shops,  one 
in  each  construction  district,  and  of  fiat  cars,  on  each  of  which 
were  mounted  necessary  forges,  dies,  hammers,  etc.,  operated  by 
compressed  air.  The  cars  were  moved  from  point  to  point  as 
needed. 

Loading  the  holes  and  blasting  followed  the  drilling.  Con- 
ditions on  the  Isthmus  with  reference  to  mining  operations  were 
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peculiar;  in  the  first  place,  because  of  the  magnitude  of  the 
work  necessitating  the  handling  in  the  Central  Division  during 
the  height  of  the  work  of  700,000  pounds  of  dynamite  and  the 
exploding  of  260,088  feet  of  holes  each  month ;  in  the  second 
place,  because  the  material  excavated  was  not  uniform,  and 
the  powder  men  and  the  steam  shovel  men  found  themselves 
handling  the  hardest  rock  one  hour,  while  the  next  hour  they 
might  be  working  in  earth  or  clay. 

By  far  the  greater  amount  of  explosives  used  for  the  dry 
excavation  of  the  prism  consisted  of  45%  and  60%  nitroglycerin 
saltpeter  dynamite,  though  during  the  early  period  of  the  work 
some  dynamite  of  other  grades  was  used,  and  also  a  small 
quantity  of  black  powder.  The  black  powder  was  not  effici- 
ent during  the  wet  season  on  account  of  water  which  accumu- 
lated in  the  drill  holes,  and  its  use  was,  therefore,  discontinued. 

In  June,  1908,  a  trial  shipment  of  50,000  pounds  of  Trojan 
powder  was  received  and  tested  with  very  satisfactory  results; 
consequently,  in  1909,  when  it  was  apparent  that  the  price  of 
dynamite  was  steadily  increasing,  due  possibly  to  a  combina- 
tion between  manufacturers,  the  following  clause  was  inserted 
in  our  advertisement  for  explosives: 

"Alternative  bids  may  be  considered  for  Trojan  or 

for  similar  powder  equivalent  in  disruptive  effect  to  the 

grades  of  nitroglycerin  dynamite  heretofore  specified  and 

similarly  packed." 

Under  this  provision,  a  considerable  quantity  of  Trojan 
powder  was  purchased  from  time  to  time,  and  proved  satisfac- 
tory. It  was  found  unsuitable  for  subaqueous  work;  but,  un- 
like dynamite,  it  did  not  require  turning  while  in  storage,  and 
it  was  considered  safer  to  handle. 

In  1913  the  claim  was  put  forward  by  certain  manufac- 
turers of  dynamite  that  Trojan  powder  was  not  "equivalent  in 
disruptive  effect"  to  similar  grades  of  dynamite,  and  that 
therefore  the  canal  could  not  legally  pay  the  full  contract  price 
for  the  Trojan  powder.  Investigation  was  made,  and  while  the 
claims  of  the  dynamite  manufacturers  appeared  to  be  true  so 
far  as  the  laboratory  tests  were  concerned,  a  committee  which 
was  appointed  on  the  Isthmus  to  witness  the  results  of  practical 
tests  reported  that  for  the  general  classes  of  material  along  the 
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line  of  the  canal,  Trojan  powder  gave  results  as  satisfactory 
and  efficient  as  those  attained  with  equal  grades  of  dynamite. 
Explosives  were  put  up  in  cartridges  2  in.  in  diameter  and  8  in. 
long,  each  weighing  %  pound.  The  cartridges  were  packed  in 
wooden  boxes  of  50  pounds. 

The  dynamite  was  brought  to  the  Isthmus  in  steamers 
especially  chartered  for  the  purpose,  unloaded  at  Cristobal  until 
a  dock  constructed  at  Mindi  on  the  French  canal  four  miles 
from  Cristobal  could  be  made  available  for  the  purpose,  and 
taken  by  special  trains  to  magazines  located  at  some  distances 
from  the  line  of  the  work,  so  that  as  little  damage  as  possible 
would  result  in  case  of  accidents.  There  were  at  first  four  of 
these  magazines ;  one  at  Mindi,  one  and  one-half  mile's  from  the 
main  line  of  the  Panama  Railroad;  one  up  the  Chagres  River, 
one  mile  from  Gamboa ;  one  northeast  of  Gold  Hill ;  and  one  on 
the  southwest  of  Cocoli  Hill.  The  one  near  Gold  Hill  was  sub- 
sequently abandoned. 

Service  magazines,  capable  of  holding  about  a  week's  sup- 
ply, were  located  at  various  points  accessible  to  the  work; 
those  for  Culebra  Cut,  four  in  number,  were  on  the  east  side. 
The  magazines,  both  general  and  service,  were  constructed  of 
hollow  concrete  blocks  and  were  designed  to  be  bullet-proof; 
each  was  in  charge  of  a  watchman,  and  the  ground  for  some 
distance  around  the  magazine  was  kept  clear  of  all  rubbish  and 
free  of  vegetation  so  far  as  practicable,  so  as  to  avoid  the  pos- 
sibility of  fire.  The  temperatures  of  the  magazines  were  care- 
fully watched;  the  boxes  turned  periodically — in  short,  strin- 
gent regulations  governing  the  care  and  handling  of  dynamite 
were  enforced  with  a  view  to  reducing  the  chances  of  accident 
to  a  minimum.  The  fuses  were  kept  in  separate  houses  in  the 
vicinity  of  the  service  magazines,  similar  in  construction  to  the 
latter.  The  dynamite  was  sometimes  carried  to  the  Cut  by  push 
cars,  but  more  generally  by  laborers,  each  taking  one  box. 

Early  in  1907,  a  premature  explosion  occurred  in  the  Cut 
in  the  vicinity  of  Rio  Grande.  An  investigation  developed  that 
the  rammer  was  of  lignum  vitae,  or  cocabola,  to  the  weight  of 
which  in  falling  was  attributed  the  accident,  and  light  pine 
rammers  were  substituted.  Notwithstanding  this  change,  prema- 
ture explosions  occurred,  until,  in  loading  a  hole,  part  of  a  car- 
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tridge  ignited  and  burned ;  an  investigation  showed  a  sufficiently 
high  temperature  in  some  of  the  holes  to  cause  ignition  or  explo- 
sion ;  subsequently  the  temperature  of  all  holes  was  taken  before 
loading.  A  number  of  accidents  resulted  from  steam  shovels 
coming  in  contact  with  unexploded  charges,  which  led  to  an 
investigation  of  the  fuses  and  the  results  obtained  from  various 
methods  of  firing.  Previous  to  that  time  charges  were  ex- 
ploded by  a  magneto  electric  machine,  and  investigation  showed 
that  failures  were  liable  to  result  when  this  type  of  machine 
was  used,  whether  the  fuses  were  connected  up  in  series  or  in 
multiple  arc.  Experiments  were  then  made  by  using  the  cur- 
rent from  the  lighting  plants  distributed  along  the  east  side 
of  the  Cut",  and  it  developed  that  while  misfires  occurred  where 
the  fuses  were  connected  in  series,  there  were  no  misfires  when 
the  fuses  were  connected  in  multiple  arc.  As  a  consequence, 
electric  conduits  were  laid  from  the  various  power  plants  into 
the  Cut,  distributed  lengthwise  through  it  within  easy  reach  of 
the  areas  remaining  to  be  excavated ;  thereafter  all  loaded  holes 
were  exploded  by  means  of  the  electric  current  from  the 
dynamos. 

One  rather  serious  accident  occurred  in  the  Chagres  Sec- 
tion during  an  electrical  storm,  caused  by  induction.  Subse- 
quently, no  fuses  were  connected  up  during  a  storm  or  when 
one  was  approaching.  The  most  serious  accident  happened  in 
the  vicinity  of  Bas  Obispo  through  a  premature  explosion,  on 
the  morning  of  December  12,  1908,  resulting  in  the  death  of  23 
men  and  the  more  or  less  serious  injury  of  40  others.  Fifty- 
three  holes  were  drilled  and  the  last  of  the  holes  was  "sprung" 
at  least  two  days  before  dynamite  was  placed  in  them.  Fifty- 
two  holes  were  loaded  with  44,000  pounds  of  45%  dynamite. 
The  charges  had  been  tamped  and  the  fuses  set  in  all.  The  last 
hole  was  being  loaded.  The  entire  charge  was  to  be  set  off  by 
electric  current  from  the  Empire  Power  Plant  after  five  o'clock 
on  the  day  of  the  accident.  The  wires  were  not  strung  and  the 
fuses  of  no  two  of  the  holes  were  joined.  Furthermore,  the 
dynamos  at  Empire  were  not  in  service  at  the  time  the  explosion 
occurred.  It  was  a  clear  day  and  there  was  no  lightning  to 
which  the  explosion  could  be  ascribed.  While  the  cause  of  the 
accident  was  never  definitely  determined,  it  developed  later, 


Digitized  by  Microsoft® 


DRY  EXCAVATION  349 

when  the  water  in  the  bottom  of  the  holes  was  examined  chem- 
ically, that  the  water  was  acid,  and  that  it  would  attack  the 
cartridges,  liberating  the  nitroglycerin.  It  was  known  that  a 
"dobe"  blast  had  been  fired  just  across  the  Cut  from  where  the 
explosion  occurred,  and  it  was  assumed  that  the  accident  was 
due  to  the  detonation  of  a  quantity  of  free  nitroglycerin  by  the 
jar  of  the  ' '  dobe ' '  blast.  Further  investigation  showed  that  the 
action  due  to  the  acidity  of  the  water  required  approximately 
twenty-four  hours  for  the  release  of  the  nitroglycerin,  and  the. 
holes  had  been  loading  for  several  days.  As  a  consequence,  in- 
structions were  issued  that  no  loading  operations  would  be  un- 
dertaken in  any  area  that  could  not  be  completed  and  fired  the 
same  day. 

When  the  loading  gangs  took  charge  of  areas  that  had 
been  drilled,  the  holes  were  "sprung" — several  sticks  of  dyna- 
mite were  placed  at  the  bottom,  the  quantity  depending  upon 
the  character  of  the  material,  a  light  tamping  put  in,  and  this 
small  charge  exploded  with  a  magneto  electric  machine,  thereby 
creating  a  chamber  at  the  bottom  of  the  hole.  The  loading 
followed.  The  amount  of  dynamite  used  varied  with  the  char- 
acter of  the  material,  the  depth  and  distance  apart  of  the  holes, 
averaging  in  the  earlier  stages  of  the  work  from  75  to  200 
pounds  when  the  holes  averaged  20  feet  in  depth. 

When  a  number  of  holes  were  fired  even  with  light  charges 
the  vibration  in  the  ground  some  distance  from  the  Cut  was 
very  perceptible.  This  led  to  the  belief  that  the  slides,  which 
became  more  extensive  and  greater  in  number  as  the  depth  of 
the  excavation  increased,  might  in  a  measure  be  induced  if  not 
produced  by  the  blast  destroying  the  cohesion  of  the  material 
in  the  neighboring  banks.  If  this  were  true,  the  charges  should 
be  reduced,  but  there  was  no  means  of  determining.  The  claim 
was  made  that  ' '  dobe ' '  blasting  was  more  disastrous  to  the  banks 
than  the  deep  blasting,  but  a  series  of  experiments  indicated 
that  while  the  concussion  was  greater  with  the  former,  no 
earth  tremors  resulted,  as  was  always  the  effect  of  the  deep 
blasts.  "Dobe"  blasting  consisted  of  placing  two  or  more  sticks 
of  dynamite,  depending  on  the  size  of  the  rock,  on  top  of  the 
piece  to  be  broken  up,  covering  the  dynamite  with  mud  and 
firing  by  a  tape  fuse.     The  great  difficulty  was  that  if  the 
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ground  were  not  broken  thoroughly,  a  number  of  large  pieces 
remained,  some  of  them  too  large  for  the  shovel  to  handle, 
which  necessitated  recourse  to  "dobe"  blasting.  Such  blasts  de- 
layed the  steam  shovel,  interfered  with  track  gangs,  drills,  etc., 
in  the  vicinity,  thus  increasing  the  cost ;  the  powder  men  would 
be  held  responsible  for  not  shooting  properly,  with  the  result 
that  heavier  charges  would  be  used  the  next  time.  To  reduce 
the  charges,  therefore,  it  was  decided  in  January,  1911,  to  re- 
duce the  depth  of  cuts  to  the  average  of  twelve  feet ;  also,  while 
the  amount  was  left  more  or  less  to  the  judgment  of  the  powder 
man  in  charge,  the  average  was  narrowed  down  to  about  one 
pound  of  dynamite  to  two  or  two  and  one-half  cubic  yards  of 
material. 

The  fuses  before  being  placed  were  tested  by  a  galvanom- 
eter, and  two  fuses  were  inserted  in  each  hole;  after  inser- 
tion, the  galvanometer  test  was  made  again.  When  everything 
was  in  satisfactory  condition,  the  fuses  were  connected  in  mul- 
tiple are  with  conductors  leading  from  the  power  plants,  and 
at  a  given  signal  the  whole  area  was  fired. 

The  following  figures  for  the  month  of  March,  1912,  may 
be  taken  as  an  index  of  normal  drilling  and  blasting  operations 
in  the  Cut  when  the  work  was  at  its  height:  The  202  tripod 
drills,  at  work  in  varying  material,  made  a  total  penetration  of 
213,874  linear  feet,  an  average  of  41.6  feet  per  drill  each  day. 
The  number  of  drill  days  was  5142.  The  173  well  drills  in  3176 
drill  days  penetrated  192,604  linear  feet,  a  rate  of  51.8  feet  per 
drill  day.  The  average  for  both  kinds  of  drills  was  45.9  linear 
feet  per  drill  day.  Fifteen  tripod  drills,  working  exclusively 
in  hard  rock,  penetrated  11,095  feet  in  378  drill  days,  or  29.4 
per  drill  day.    The  working  day  was  nine  hours. 

In  blasting,  20,133  holes  were  exploded  in  various  sorts  of 
material.  The  aggregate  depth  of  the  holes  was  345,223  linear 
feet ;  the  average  depth  was  17.3  feet.  In  all,  415,709  pounds 
of  dynamite  were  exploded,  an  average  of  20.7  pounds  per  hole. 
The  average  efficiency  of  the  blasting  during  the  month,  in  all 
kinds  of  material,  was  2.14  cubic  yards  per  pound  of  explosive. 

The  steam  shovels  followed  through  the  blasted  area.  As 
already  noted,  the  equipment  received  by  purchase  from  the 
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French  was  replaced  as  rapidly  as  new  machinery  could  be  pur- 
chased and  put  into  condition  on  the  Isthmus  for  work.  The 
first  steam  shovels  purchased  were  the  largest  size  procurable, 
95  tons,  and  the  first  one  was  placed  in  operation  on  November 
11, 1904,  and  the  last  of  the  French  excavators  was  discontinued 
on  June  16,  1905.  On  August  1,  1905,  there  were  11  steam- 
shovels  at  work,  but  their  output  was  greatly  handicapped  by 
the  lack  of  proper  transportation  facilities.  Work  in  the  Cut 
did  not  begin  on  a  large  scale  until  the  latter  part  of  1906,  or 
the  beginning  of  1907,  and  from  that  time  until  the  close  of  the 
fiscal  year  1911,  during  which  year  the  maximum  output  was 
reached,  there  was  a  steady  increase  in  the  amount  of  material 
excavated  as  new  equipment  was  installed. 

The  steam  shovel  equipment  purchased  for  the  dry  excava- 
tion of  the  canal  consisted  of : 

10  —  Bucyrua    45-ton 

35  —       "         70-ton 

32  —       "         95-ton 

1  —  Marion  Model  20 

7—      "        Model  60 

16—      "        Model  91 

and  one  No.  21,  one-man  operating  Thew,  which  was  purchased 
for  excavating  the  lateral  culverts  in  the  locks  on  the  Pacific 
side. 

The  most  satisfactory  results  in  Culebra  Cut  were  obtained 
from  the  use  of  the  heaviest  types ;  of  the  two  classes  of  shovels 
used  in  the  Cut,  one  was  equipped  with  a  dipper  of  2%  cubic 
yards  capacity,  and  the  other  with  a  5-yard  dipper,  but  these 
dippers  seldom  dug  to  their  full  capacity.  The  5-yard  dipper 
was  replaced  by  one  of  4-yard  capacity  when  the  shovel  worked 
in  rock.  The  greatest  number  of  shovels  used  in  the  Cut  at  any 
one  time  was  68,  of  which  20  were  of  70  tons  and  the  balance 
of  the  heavier  types. 

As  indicated  in  the  profile  (Plate  I),  the  French  left  the 
excavated  area  in  rather  an  irregular  condition,  and  the  work 
of  the  United  States  was  directed  toward  removing  the  irregu- 
larities and  opening  up  the  entire  length  of  the  Cut  so  as  to  im- 
prove the  transportation  facilities,  and  at  the  same  time,  to- 
wards widening  the  area  to  meet  the  increased  width  that  the 
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adopted  project  required.  The  sea-level  canal  as  projected  by 
the  French  was  to  have  a  bottom  width  through  the  Culebra 
Cut  section  of  72  feet,  while  in  the  same  section  the  canal  ad- 
vocated by  the  International  Board  of  Engineers  contemplated 
a  bottom  width  of  200  feet,  which  was  increased  by  Executive 
Order  of  October  23,  1908,  to  300  feet. 

Throughout  the  entire  period  of  excavation  in  the  dry,  the 
general  method  or  plan  adopted  by  the  French  of  working  up 
grade  from  either  end  toward  a  summit  was  carried  out  so  as 


Fig.  3.     Culebra  Cut.    Completion  of  Bottom  Pioneer  Cut.    Steam  Shovels  Meeting 
at  Grade.    May  1913. 

to  maintain  drainage,  and  for  a  considerable  portion  of  the  time 
that  dry  excavation  was  in  progress,  it  gave  the  additional  ad- 
vantage of  providing  down  grades  for  loaded  trains  while  the 
empties  were  drawn  up  hill.  Drainage  was  maintained  through 
what  were  designated  "pilot  cuts"  until  the  bottom  grade  of 
the  canal  was  reached,  when  the  lower  portions  of  the  pilot  cuts 
formed  drainage  ditches  through  the  completed  area.  The  pilot 
or  pioneer  cuts  were  undertaken  when  the  condition  of  the  level 
on  which  the  shovels  were  working  warranted  the  deepening 
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of  the  Cut  to  the  next  lower  level.  Shovels  were  then  started 
from  either  end  cutting  towards  each  other  and  on  an  up  grade 
varying  from  20  to  36  feet  to  the  mile.  In  these  cuts  the  shovels 
excavated  a  width  averaging  34  feet  at  the  bottom  and  50  feet 
at  the  top.  A  loading  track  had  been  laid  previously  alongside 
the  projected  cutting,  and  Lidgerwood  cars  were  generally  used, 
as  this  would  enable  the  shovels  to  cut  a  bank  averaging  12  feet 
high,  while  with  the  side  dump  cars  the  depth  of  the  cut  was 
4  feet  less  in  height.  This  cut  carried  the  drainage,  and  trenches 
were  dug  connecting  it  with  the  upper  levels.  As  the  shovel 
moved  forward,  a  track  was  laid  in  the  cutting  which  became 
the  loading  track  of  another  shovel  which  followed  in  the  rear 
of  the  first  and  to  its  side;  this  shovel  in  its  turn  would  cut  a 
trench  12  feet  deep  when  Lidgerwood  cars  were  used,  so  that 
a  bank  averaging  24  feet  high  resulted  on  the  side  of  the  shovel 
opposite  the  loading  track.  This  cut  then  became  the  drainage 
channel.  In  the  same  way  a  track  laid  in  this  second  cut  would 
form  the  loading  track  for  another  shovel  following  in  the  rear 
and  outside  of  the  second.  The  cuttings  made  by  these  shovels 
averaged  about  26%  feet  in  width  and  were  designated  "widen- 
ing cuts"  in  contra-distinction  to  the  pilot  cuts.  In  this  way 
the  shovels  worked  in  echelon  toward  the  summit,  which  would 
be  reduced  correspondingly  when  the  shovels  on  the  two  sides 
met,  and  the  side  banks  were  24  to  30  feet  in  height. 

An  effort  was  made  to  preserve  the  slopes  recommended  by 
the  International  Board  of  Consulting  Engineers,  and  the  sides 
were  left  in  a  series  of  steps,  but  when  the  Executive  Order  of 
1908  directed  the  widening  of  the  Cut  to  a  bottom  width  of  300 
feet  these  steps  became  obliterated  more  or  less  throughout  the 
greater  portion  of  the  Cut,  as  it  became  necessary  to  widen  out 
the  upper  reaches  in  order  to  secure  the  new  width  required. 
The  reference  of  the  finished  bottom  of  the  Cut  was  40  feet 
above  mean  tide,  but  to  allow  for  irregularities  the  excavation 
was  made  to  38  and  the  high  points  knocked  off  so  as  to  leave 
nothing  which  projected  above  40. 

The  shovels  made  records  on  the  Isthmus  never  before  an- 
ticipated ;  the  maximum  for  all  shovels  at  work  in  the  Cut  was 
made  in  March,  1909,  when  68  shovels  worked  27  days  of  eight 
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hours  each,  and  excavated  a  total  of  2,029,435  cubic  yards,  an 
average  of  29,844.63  cubic  yards  per  shovel.  The  68  shovels  had 
a  total  average  efficiency  of  56.93  shovel  days.  The  highest 
monthly  record  for  one  shovel  was  made  in  March,  1910,  by  a 
95-ton  Bucyrus,  which  worked  26  days  of  eight  hours  each  and 
excavated  a  total  of  70,290  cubic  yards.  The  highest  daily  rec- 
ord was  also  made  by  a  95-ton  Bucyrus  which,  on  March  22, 
1910,  in  eight  hours'  work,  excavated  4465  cubic  yards. 

To  secure  such  results,  the  shovels  were  worked  to  the 
limit  of  their  capacity,  and  certain  weaknesses  developed  which 
were  corrected  in  the  shops  on  the  Isthmus.  The  principal  im- 
provements were  in  the  booms  and  circles,  which  were  heavily 
reinforced;  the  shipper  shaft  pinions,  which  were  replaced  by 
pinions  of  manganese  steel ;  an  additional  lug  on  the  base  cast- 
ings, which  otherwise  worked  loose;  and  in  strengthening  the 
lips  and  teeth  of  the  dippers  by  the  use  of  manganese  steel.  To 
keep  the  shovels  in  good  condition,  a  night  repair  gang  was 
organized,  provided  with  a  working  car  containing  a  forge,  a 
drill,  a  shaper,  and  a  lathe,  all  driven  by  compressed  air  taken 
from  the  air  main  at  whatever  point  the  car  was  in  service.  In 
addition,  there  was  comprised  in  the  equipment  of  the  car  pneu- 
matic drills  and  hammers  that  could  be  handled  by  one  man, 
the  usual  tools  of  the  various  trades  represented  in  the  repair 
gang,  and  a  30-ton  locomotive  crane.  A  steamshovel  was  not 
taken  to  the  shops  unless  it  required  general  overhauling;  all 
minor  repairs,  and  even  large  repairs,  such  as  replacing  main 
engine  frames,  dipper  sticks,  and  boilers,  were  performed  in  the 
field,  at  night,  without  interruption  to  the  operation  of  the  shovel. 

Coaling  of  the  shovels  was  done  at  night  by  two  trains,  each 
made  up  of  a  locomotive  and  eight  20-yard  cars,  which  entered 
the  Cut  at  different  points.  A  car  with  two  negro  laborers  was 
spotted  at  each  shovel,  an  effort  being  made  to  so  place  it  that 
the  coal  could  be  handled  directly  by  shoveling  from  the  car  to 
the  bin  of  the  steam  shovel.  If  this  were  not  possible,  a  plank 
was  placed  from  the  car  to  the  shovel  and  the  coal  was  trans- 
ported by  means  of  a  wheelbarrow.  After  the  shovel  had  been 
supplied  with  the  coal  required,  usually  40  or  50  tons,  the  car 
was  shifted  to  another  shovel;  and  so  the  work  was  continued 
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until  all  the  shovels,  from  the  lowest  level  to  the  highest,  had 
been  coaled. 

Three  classes  of  cars  were  used  for  the  bulk  of  the  work. 
The  wooden  flat  cars  with  one  high  side  and  the  other  side  open, 
so  constructed  that  they  could  be  emptied  by  an  unloading  plow, 
had  a  rated  capacity  of  19  cubic  yards.  Twenty  of  these  cars 
were  ordinarily  hauled  in  a  train,  and  the  spoil  on  a  train  would 
be,  therefore,  about  380  cubic  yards.    The  next  largest  cars  were 


Fig.  i.     Culebra  Cut,  Culebra.     Steam  Shovel  Loading  Bock.     March  1911. 

the  Western  and  Oliver  air  dumps,  which  had  a  rated  capacity 
of  18  and  19  cubic  yards,  but  were  rated  on  the  canal  at  17  cubic 
yards;  these  were  used  almost  exclusively  in  hauling  rock  from 
Culebra  Cut  to  the  Gatun  Dam.  Twenty-seven  of  these  ears 
composed  a  train,  and  the  amount  of  spoil  on  each  train  was, 
therefore,  about  459  cubic  yards.  The  small  Western  and  Oliver 
dump  cars,  known  as  the  "12-yard  dumps",  were  rated  at  10- 
yards  capacity  each,  and  35  of  these  ordinarily  composed  a  train, 
the  amount  of  spoil  in  each  train  being,  therefore,  350  cubic 
yards. 
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The  rated  capacity  of  the  dump  cars  was  based  upon  cross- 
section  measurements  covering  a  long  period.  Careful  data 
were  kept  of  the  excavation  by  cars,  and  each  month  this  was 
compared  with  the  excavation  as  determined  by  cross-section 
measurement.  The  difference  between  the  two  methods  of  meas- 
urement was  never  great. 

The  time  taken  for  loading  each  car  varied  according  to 
the  material  in  which  a  shovel  was  working,  and  to  the  innu- 
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Fig.  5.     Steam  Shovel  Loading  Oliver  Dump  Cars,  East  Bank  of  Cnt  North  of 
Gold  Hill.    March  1914. 

merable  small  delays  incident  to  the  excavation  and  transpor- 
tation of  the  spoil.  An  illustration  is  the  work  done  by  20 
steamshovels  in  the  Culebra  Cut  section  on  November  11,  1910, 
when  30,077  cubic  yards  of  rock  and  earth,  an  average  of  1503 
cubic  yards  per  shovel  for  the  eight-hour  working  day,  were 
excavated.  The  shovels  were  under  steam  160  hours,  were 
actually  digging  109  hours,  were  waiting  for  cars  38  hours  and 
40  minutes,  and  were  delayed  the  remainder  of  the  time  by 
mining,  cleaning  track,  repairs  to  shovels,  track  repairing,  and 
moving  the  shovels  forward.     With  all  conditions  favorable, 
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it  was  found  that  a  shovel  could  complete  a  digging  operation 
in  one  minute,  and  thus  load  a  19-yard  car  in  about  eight 
minutes. 

From  the  beginning  it  was  recognized  that  the  working 
efficiency  of  the  steamshovels  depended  primarily  upon  the 
means  of  disposing  of  the  spoil;  to  "make  the  dirt  fly"  meant 
to  move  it  out  of  the  prism.  The  shovel  engineers'  detailed 
reports  of  delays  classify  them  as  mining,  cleaning  track,  re- 
pairs, switching,  derailments,  moving  up,  cutting  out,  waiting 
for  steam,  and  waiting  for  cars.  In  an  aggregate  of  reports 
covering  any  considerable  length  of  time  on  a  large  job,  "wait- 
ing for  cars"  is  chargeable  with  the  maximum  time  loss,  unless 
transportation  is  markedly  expeditious. 

In  the  8%  mile  length  of  Culebra  Cut,  the  number  of  shov- 
els at  work  during  the  active  construction  period  averaged 
about  37,  and,  though  this  number  was  diminished  by  perhaps 
six  as  the  area  of  the  excavation  drew  toward  the  summit  of 
the  continental  divide,  the  concentration  of  work  within  a  mile 
and  a  half  of  channel  intensified  the  problems  of  transporta- 
tion. In  the  section  just  north  of  Gold  Hill  were  seven  parallel 
tracks,  on  the  levels  of  excavation,  which  were  in  constant  use. 
Slides  frequently  put  all  but  one  or  two  out  of  service,  so  that 
the  removal  of  tracks  and  the  laying  of  new  ones  averaged 
about  a  mile  a  day.  The  disposal  of  spoil,  except  from  the 
half-dozen  shovels  engaged  in  terracing  at  the  tops  of  slides, 
was  made  at  dumps  from  one  to  twenty-three  miles  beyond  the 
ends  of  the  Cut,  to  which  must  be  added  the  distance  of  the 
shovels  from  the  ends  of  the  Cut.  Under  these  conditions,  the 
transportation  involved  unusually  acute  "railroading". 

The  operation  of  trains  was  controlled  by  a  superintend- 
ent of  transportation  and  a  chief  dispatcher,  from  their  joint 
office  in  the  Division  Engineer's  building  at  Empire.  Their 
work  for  the  day  began  the  evening  before,  when,  from  reports 
by  telephone  from  the  yardmasters  in  the  Culebra  and  Empire 
construction  districts,  as  to  the  position  of  the  trains  at  the 
close  of  the  day's  work,  they  ordered  bulletins  posted  at  the 
roundhouses  at  Las  Cascadas  and  Pedro  Miguel  covering  the 
disposition  of  crews  and  locomotives  for  the  next  morning.  As 
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the  locomotives  came  in  from  the  day's  work,  the  crews  on  the 
extra  list  learned  from  the  assignment  board  at  which  round- 
house to  report  the  next  morning,  which  they  did  by  early  labor 
train.  Frpm  these  same  orders  the  hostling  crews  at  the  round- 
houses distributed  the  locomotives  on  numbered  tracks  which 
indicated  their  destination.  A  crew  boarding  an  engine  at 
Pedro  Miguel  roundhouse  knew  from  the  number  of  the  track 
upon  which  it  was  placed  whether  it  was  to  go  direct  to  the  Cut 
by  way  of  the  Paraiso  incline,  or  to  make  its  way  to  the  dumps 
north  of  the  Miraflores  tunnel,  or  to  Balboa ;  at  Las  Cascadas, 
the  arrangement  showed  which  locomotives  were  to  go  into  the 
Cut  from  the  west  side  down  the  incline  at  bridge  No.  50%, 
which  were  to  cross  the  dike  at  Matachin  and  go  down  the 
east  side,  and  which  were  to  proceed  across  the  Chagres  Eiver 
bridge  to  the  dumps  along  the  relocation  of  the  Panama 
Eailroad. 

As  the  locomotives  entering  the  Cut  passed  the  tower  of 
the  district  yardmaster,  he  directed  their  passage  to  the  trains 
of  cars  by  order  cards  handed  to  the  conductors.  The  first 
engine  went  to  the  farthest  train,  and  the  others,  in  order,  so 
that  there  was  no  congestion  due  to  backing  in  or  crossing  over. 
Throughout  the  day  the  district  yardmasters  directed  the  pas- 
sage of  the  loaded  trains  to  the  various  dumps,  by  telephone 
reports  from  dump  yardmasters  on  their  readiness  to  receive 
spoil ;  and  on  the  return  of  the  empty  trains,  distributed  them 
to  the  shovels.  From  half  a  dozen  small  towers  distributed 
along  the  line  of  excavation,  tower-tenders  kept  the  yardmasters 
informed  of  the  progress  of  loading  in  their  vicinity.  The 
yardmasters  ordered  the  right-of-way  for  loaded  trains,  and 
reported  their  passage  out  of  the  district  to  the  dispatcher, 
who. handled  the  trains  to  the  dumps.  On  their  way,  most  of 
them  passed  on  to  the  main  line  of  the  Panama  Railroad.  The 
dispatcher's  office  had  direct  telegraphic  connection  with  the 
lines  of  the  railroad,  and  was  informed  as  each  train  entered 
and  left  a  block.  The  train  crew  took  its  orders  from  the 
semaphores. 

At  each  set  of  dumps  was  a  yardmaster  who  reported  to 
the  dispatcher  the  arrival  and  departure  of  trains,  and  his 
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readiness  for  spoil.  He  also  ordered  the  distribution  of  the 
loaded  trains  to  the  several'  dumping  tracks,  as  well  as  the 
movements  of  the  Lidgerwood  unloaders  and  the  spreaders  and 
traekshifters.  Prior  to  June  30,  1907,  loaded  trains  were 
hauled  from  the  Cut  to  yards  which  had  been  constructed  at 
Whitehouse,  near  Las  Cascadas,  and  Pedro  Miguel,  where  the 
engines  would  pick  up  an  empty  train  that  had  been  returned 
to  the  yard  from  the  dumps,  and  go  back  to  the  Cut.  The  loaded 
train  would  be  taken  to  the  dumps  by  the  engine  bringing  the 
empty  from  the  dumps.  The  trains  were  controlled  and  directed 
by  the  superintendent's  office  as  outlined.  Subsequent  to  this 
date,  the  use  of  the  yards  for  this  purpose  was  abandoned, 
though  empty  and  loaded  trains  were  stored  in  the  yards  when, 
at  the  noon  hour  or  at  the  close  of  the  day,  time  did  not  permit 
reaching  the  Cut  or  the  dumps. 

The  construction  tracks  laid  within  the  limits  of  Culebra 
Cut  on  July  1,  1911,  totaled  76.18  miles,  and  these  combined 
with  the  construction  tracks  within  the  division  limits,  includ- 
ing the  dumps,  but  exclusive  of  the  Panama  Railroad  over 
which  most  of  the  spoil  was  carried,  totaled  209.16  miles  in 
length.  Two  through  main  lines  were  maintained  in  the  Cut, 
and  in  order  to  facilitate  the  movements  of  trains  all  tracks 
were  ballasted.  For  this  purpose  a  crusher  plant,  consisting 
of  one  No.  8  Gates  rock  crusher,  one  Chandler  &  Taylor  engine, 
with  boilers,  two  Lidgerwood  hoisting  engines,  with  the  neces- 
sary shafting,  pulleys,  etc.,.  for  the  equipment,  was  established 
at  Bas  Obispo ;  but  this  was  moved  in  October,  1908, .  when  it 
became  necessary  to  widen  the  prism,  to  the  west,_  and  re- 
erected  on  the  95-foot  leveLon  the  east  side.  Rock_  was  taken 
from  the  spoil  of  the  Cut,  dumped  near  the  plant,  and  handled 
to  the  crushers  by  Decauville  cars:  This  method  of  procuring 
ballast  was  continued  until  December,  1909,  when  gravel  was 
.substituted  for  crushed  stone.  Gravel  was  secured  from  a 
deposit  made  by  the  Chagres  River  in  the  prism  which  had  been 
excavated  on  the  other  side  of  the  river  from  the  Cut. 

The  locomotives  which  replaced  most  of  those  acquired 
from  the  French  and  which  were  purchased  for  the  entire  work, 
exclusive  of  the  Panama  Railroad,  consisted  of: 
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100 — Built  by  American  Locomotive  Company,  Cooke  Works 
(Class  200),  mogul  type;  cylinders  19  in.  x  24  in.;  driving 
wheels  54  in.  diameter;  weight  on  drivers,  108,500  pounds; 
total  weight  of  engine,  125,500  pounds;  total  weight  of 
engine  and  tender,  222,500  pounds;  tractive  power,  23,980 
pounds  at  10  miles  an  hour;  hauling  capacity,  3,317  tons 
on  level. 

40 — Built  by  Baldwin  Locomotive  Works  (Class  300),  mogul 
type;  cylinders  19  in.  x24  in.;  driving  wheels  54  in.  diam- 
eter; weight  on  drivers,  106,810  pounds;  total  weight  of 
engine,  122,310  pounds;  total  weight  of  engine  and  tender, 
210,310;  tractive  effort,  23,960  pounds  at  10  miles  an  hour; 
hauling  capacity,  3,318  tons  on  level. 

20 — Built  by  American  Locomotive  Company,  Brooks  Works 
(Class  600),  mogul  type;  cylinders  20  in.  x  26  in.;  driving 
wheels  63  ir.  diameter;  weight  on  drivers,  127,500  pounds; 
total  weight  of  engine,  147,500  pounds;  total  weight  of 
engine  and  tender,  234,500  pounds;  tractive  effort,  24,690 
pounds  at  10  miles  an  hour;  hauling  capacity,  3,447  tons 
on  level. 

A  number  of  French  engines  were  continued  in  service  for 
the  entire  period  of  the  work.  The  engines  were  hostled  and 
provisions  made  for  minor  repairs  the  night  following  the  close 
of  the  day's  work.  Heavier  repairs  were  made  at  the  shops 
established  at  Gorgona,  Empire,  and  Paraiso,  but  the  last  was 
closed  in  the  fall  of  1908,  and  ultimately  all  engine  repairs  of 
magnitude  were  made  at  the  Gorgona  Shops;  when  these  were 
moved  in  anticipation  of  being  flooded  out  by  raising  the  level 
of  the  lake,  they  were  made  at  the  Balboa  Shops. 

The  cars  purchased  for  handling  spoil,  coal  and  ballast, 
and  utilized  on  the  entire  canal  work,  consisted  of : 

1800 — Wooden  flats,  weight  36,500  pounds,  capacity  80,000  pounds. 

1800— Steel  dumps,        " 

600 — Steel  dumps,        " 

300— Steel  dumps,        " 

300 — Steel  dumps,        " 

12 — Goodwin    automatic 

capacity,  40  yards. 
12 — Ingoldsby  patent  automatic  wooden  center  dumps,  weight, 
43,000  pounds,  capacity,  40  yards. 

In  addition,  French  dump  cars  were  used  for  various  parts 
of  the  work  until  July  1,  1911,  when  they  were  entirely  with- 
drawn from  the  service. 
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The  trains  carried  the  spoil  to  dumps,  located  at  various 
points  on  the  Isthmus.  At  first,  suitable  localities  in  the  im- 
mediate vicinity  of  the  Cut  were  utilized,  but  as  these  were 
filled  up,  new  ones  at  greater  distances  were  selected.  Though 
much  of  the  spoil  was  utilized  in  useful  work,  the  larger  por- 
tion was  wasted.  However,  a  large  part  which  when  disposed 
of  was  considered  as  wasted  was  subsequently  found  to  be  useful, 
notably  the  dump  north  of  Gamboa,  where  a  small  settlement 
has  sprung  up  in  connection  with  the  Chagres  River  gravel 
plant,  and  the  Balboa  dumps,  where  there  is  building  a  military 
post,  wireless  station  for  shipping  in  the  Pacific,  and  where  the 
quarantine  station  is  established.  "When  the  construction  of 
the  Gatun  Dam  was  begun  it  was  decided  to  utilize  the  rock 
removed  from  the  vicinity  of  Bas  Obispo  for  the  toes  and  faces, 
but  in  July,  1909,  the  run  of  the  Cut  was  used  to  form  the 
embankments  confining  the  hydraulic  fill. 

The  following  table  shows  the  distribution  of  the  spoil : 

Quantity 
Name  of  Dump.  in  cubic  yards. 

Gatun 5,419,741 

Bohio  177,928 

Chagrecito    147,718 

Tabernilla  16,099,027 

San  Pablo   2,210,425 

Caimito   1,701,414 

Mamei  967,287 

Juan  Grande  1,275,642 

Gorgona    778,612 

Matachin 1,823,006 

Incline  No.  1 9,229 

Santa  Cruz  997,582 

Point  No.  3 18,177 

Gamboa  184,792 

Gamboa  Dike  37,080 

Chagres  434,086 

Mandingo  Dike  5,460 

Bas   Obispo   338,802 

Camacho  Dike  920 

Bas  Obispo  Dike  5,174 

Tunnel   diversion   61,890 

Obispo  diversion  1,201,465 

Sardinilla  4,054 
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Quantity 
Name  of  Dump.  in  cubic  yards. 

Haut  Obispo   35,525 

Bridge  No.  53 314,127 

Las  Cascadas  55,254 

Buena  Vista  74,045 

White  House  101,806 

White  Yard — Camacho  diversion  32,756 

Cunette  152,215 

Empire 82,222 

Cerro    '. J 176,998 

Gableway   1,356 

Culebra  , 1,653,103 

Gold  Hill  and  Lirio  2,144,758 

Rio   Grande   . 678,854 

Cuearacha  '. 48,438 

Cartagenita 262,369 

Paraiso 74,885 

Pedro  Miguel  townsite  . , 16,318 

Pedro   Miguel   .. .'. . 863,751 

Double-track  south  tunnel  .'. : 8,201 

Miraflores  14,603,053 

Miraflores  north  incline  15,545 

Corozal    607,851 

Power-house  fill   84,760 

Sosa  667,493 

Balboa  21,777,489 

Bas  Obispo  Crusher  184,234 

Naos  Island  Breakwater 1,435,173 

Panama  Railroad: 

Relocation,  Caimito  to  Gamboa  12,394,572 

Relocation,  Paraiso  to  Corozal  972,783 

Relocation  dumps  6,159,274 

East  Mamei  180,432 

Culebra  Swamp  713,290 

Point  No.  4 611,240 

Pacific   Division   183,489 

Balboa  Y  fill  791,560 

Sosa  Hill  fill  17,545 

Ancon-Sosa  fill  1,064,455 

Ancon-Diablo   fill   25,998 

Cristobal  Mole 231,956 

Panama  R.  R.  relocation  for  rip-rapping 348,514 

Miscellaneous 5,416,349 

Total    109,163,547 
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The  Lidgerwood  cars  were  wooden  fiat  cars  with  one  high 
side  and  the  other  side  open;  most  of  the  spoil  from  Culebra 
Cut  was  hauled  on  cars  of  this  type,  which  were  unloaded  by 
means  of  plows  drawn  along  the  train  by  60-ton-pull  Lidger- 
wood unloaders,  of  which  40  were  purchased  and  used.  These 
unloaders  were  mounted  on  flat  cars,  and  each  consisted  of  a 
drum  54  in.  in  diameter,  around  which  the  cable  was  wound, 
operated  by  an  engine  at  either  end  with  12-in.  cylinders  and 


Fig.  6.     Lidgerwood   Unloader,    Tarjernilla   Dumps.     14%    Grade. 

12-in.  stroke.  These  engines  had  steam-pipe  connection  to  the 
steam  drum  of  the  locomotive  to  which  the  car  containing  the 
unloader  was  coupled. 

The  high  side  of  the  Lidgerwood  flat  car,  permitting  a 
heavier  load  on  that  side  of  the  car  than  on  the  other,  caused  an 
unequal  distribution  of  weight,  and  this  was  overcome  to  some 
extent  by  extending  the  floor  11  inches  on  the  low  side,  thus 
throwing  the  weight  of  the  load  nearer  the  center  line  of  the 
trucks;  this  extension  also  enabled  the  unloader  plows  to 
throw  the  spoil  farther  away  from  the  tracks.     It  was  found 
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early  in  the  use  of  these  cars  that  the  unloading  plow  was  caus- 
ing a  lot  of  damage  to  the  high  sides  by  running  into  them  when 
passing  from  one  car  to  another.  The  cause  of  this  trouble  and 
expense  was  eliminated  by  binding  the  high  sides  of  the  car 
with  an  iron  ferrule,  known  as  a  "bull  nose",  which  by  pre- 
senting a  beveled  edge  to  the  plow  steered  it  into  position  as  it 
passed  from  car  to  car.  These  cars  were  also  provided  with  a 
sheet-steel  apron  so  fastened  to  the  end  of  one  car  that  it 
could  lap  over  the  coupling  mechanism  and  thus  make  the  train 
continuous  for  plowing.  The  aprons  were  so  set  that  the  plows 
frequently  tore  them  off;  there  is  a  record  of  130  aprons  being 
torn  from  the  cars  in  one  day.  The  means  of  fastening  these 
aprons  was  changed  so  that  this  damage  seldom  occurred  there- 
after. In  handling  material  in  slides,  or  at  other  points,  where 
it  was  necessary  to  uncouple  cars  from  a  train  and  back  them 
alongside  the  shovels,  the  steel  aprons  that  bridged  the  intervals 
between  the  cars  were  thrown  back,  in  order  that  the  couplings 
might  be  parted.  In  loading,  these  aprons  were  frequently 
covered  with  a  ton  or  so  of  spoil,  and  when  it  became  neces- 
sary to  throw  them  back  into  position,  so  that  the  plow  could 
pass  over  them,  considerable  labor  was  required  to  take  off  the 
spoil.  This  extra  work  was  obviated  by  an  apron  thrower, 
which  consisted  of  a  short  chain  with  a  hook  on  one  end  and  a 
cable  grip  on  the  other.  The  hook  was  placed  under  the  apron 
and  the  grip  fixed  to  the  moving  unloader  cable,  and  thus  the 
apron  was  returned  to  its  correct  position  in  advance  of  the 
plow. 

Trouble  was  also  experienced  in  the  first  days  of  the  heavy 
trains  by  the  coupling  breaking  and  the  trains  separating.  A 
bridle  was  devised  which  overcame  this  difficulty,  and  held  the 
cars  together  in  case  the  automatic  coupler  parted  from  any 
cause,  such  as  a  worn  knuckle,  worn  or  broken  lock,  broken 
knuckle  tongue,  broken  jaw,  or  even  in  case  a  drawbar  carrier 
came  down.  Each  train  crew  was  supplied  with  two  of  these 
bridles  for  emergencies,  and  1200  of  them  were  made  for  canal 
and  Panama  Railroad  service. 

"When  first  used  on  the  canal  work,  the  unloader  plow  was 
a  skeleton  with  a  plate  wing.    It  was  weighted  down  with  from 


Digitized  by  Microsoft® 


DRY  EXCAVATION  365 

•  seven  to  twelve  tons  of  ballast  in  order  to  keep  it  on  the  bottom 
of  the  cars  and  so  prevent  it  from  riding  over  the  spoil.  Small 
pieces  of  rock  were  continually  working  under  the  bottom  and 
over  the  top  of  the  plow,  and,  as  there  was  no  way  for  the 
debris  to  escape  except  by  being  ground  out,  constant  dam- 
age was  done  to  the  car  floors  and  trouble  was  also  caused  by 
the  debris  catching  in  the  aprons.  The  plow  was  covered  with 
sheet  steel  on  the  top  and  bottom  and  thus  the  small  rock  was 
excluded,  while,  by  an  adjustment  of  ballast  along  the  share 
of  the  plow  three  and  one-half  tons  of  weight  were  found  suf- 
ficient to  hold  the  plow  on  the  floor,  entirely  overcoming  its 
tendency  to  rise. 

At  first  it  was  necessary  to  spend  several  minutes  in  dig- 
ging out  the  end  of  the  cable  attached  to  the  plow  from  the 
spoil  along  the  face.  This  waste  of  time  was  eliminated  by 
forming  grommets  of  worn-out  cable  and  attaching  them  to 
the  plows  where  they  were  always  in  plain  sight,  so  that  the 
unloading  cable  could  be  coupled  to  the  grommet  without  any 
additional  labor.  Time  was  also  wasted  at  first  in  attaching 
the  cable  to  the  stretching  frame,  which  consisted  of  two  up- 
rights properly  held  together  and  braced  spanning  the  track, 
and  loosening  it  after  it  had  been  stretched  over  the  train.  A 
slip  link  was  placed  in  the  chain  which  held  the  cable  to  the 
stretching  frame,  and  a  blow  from  an  iron  rod  opened  this 
link,  allowing  the  cable  to  fall  upon  the  car  without  the  train 
stopping.  In  this  chain  there  was  placed  a  soft  link  with  a 
breaking  strain  of  one  and  one-half  tons,  and  if  anything 
checked  the  cable  in  the  process  of  stretching,  thereby  placing 
an  unduly  heavy  strain  on  it,  this  link  gave  way,  and  saved  the 
cable  stretcher  from  being  wrecked. 

During  the  first  use  of  the  unloader  plow  a  great  deal  of 
difficulty  was  experienced  in  securing  a  cable  that  would  stand 
the  strain,  but  this  was  finally  overcome  by  securing  a  1%-in. 
cable  made  specially  to  meet  the  needs.  The  cost  of  repairs  to 
unloaders  steadily  diminished  from  1910  onward.  This  was 
due  to  careful  supervision  while  the  machines  were  under  repair 
in  the  shops,  as  well  as  requiring  unloader  engineers  to  make 
all  field  repairs,  and  to  the  system  of  instruction  and  super- 
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vision  of  unloader  engineers  as  to  the  proper  method  of  han- 
dling the  machines.  In  January,  1910,  there  were  eleven  ma- 
chines in  service,  and  the  cost  of  repairs  for  that  month  was 
$7499.80,  while  the  cost  of  repairs  to  eleven  machines  for  the 
month  of  December,  1912,  was  only  $3850.32.  The  demands 
on  these  machines  were  very  severe;  for  instance,  in  March, 
1912,  when  the  work  was  in  full  swing,  there  were  unloaded 
3217  trains  comprising  65,555  cars  of  spoil. 


Fig.  7.     Spreader  at  Work  on  the  Naos  Island  Breakwater. 

Twenty-six  spoil  spreaders  were  purchased  for  use  on  the 
dumps.  After  the  first  introduction  of  these  machines,  fifty- 
one  separate  improvements  were  made  to  adapt  them  to  our 
work,  and  each  one  added  something  to  efficiency  or  subtracted 
from  the  time  spent  in  operating.  This  spreader  consisted  of 
a  car  on  which  was  erected  a  machine  with  steel  wings  reaching 
out  ll1/^  feet  from  the  rails  on  either  side.  The  spreader  was 
operated  by  compressed  air. 

As  has  been  mentioned,  most  of  the  material  from  Culebra 
Cut  was  hauled  to  the  dumps  in  Lidgerwood  cars,  and  they 
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were  the  most  satisfactory  for  the  work,  but  they  required 
special  equipment  for  unloading  as  well  as  a  reasonably  straight 
stretch  of  track  on  the  dumps.  While  by  means  of  pulleys 
they  could  be  unloaded  on  a  slight  curve,  the  results  attainable 
did  not  warrant,  in  the  case  at  hand,  the  time  required  for  the 
operation.  On  the  other  hand,  the  steel  side,  or  "Western" 
dumps,  as  they  were  called,  could  be  unloaded  anywhere.  The 
19-yard  cars  of  this  type  were  equipped  with  air  for  dumping, 
but  the  length  of  the  train  and  the  available  air  from  the  engine 
permitted  the  handling  of  a  relatively  small  number  of  cars  at 
a  time.  The  smaller  ears,  and  as  a  rule,  the  larger  ones,  were 
dumped  by  hand.  These  cars,  loaded  more  heavily  on  the  side 
towards  which  they  were  to  be  unloaded,  dumped  themselves 
when  the  holding  chains  were  unslung,  but  difficulty  was  found 
with  the  others.  Experience  finally  indicated  that  the  easiest 
way  to  dump  them  was  by  use  of  a  piece  of  4-inch  pipe,  greater 
in  length  than  the  height  of  the  car  body  above  the  ties,  engaged 
one  end  against  the  ties  and  the  other  against  the  corner  of 
the  car;  the  slight  movement  of  the  train  raised  the  body  as 
the  pipe  straightened  up  until  the  car  was  unbalanced  and  its 
load  was  delivered.  As  the  car  body  tilted  over,  the  side  door 
attached  to  hinged  levers  was  raised,  giving  an  opening  be- 
tween which  passed  the  material  in  the  car.  It  frequently  hap- 
pened that  rocks  too  large  to  pass  the  openings  were  loaded  on 
the  cars,  and  these  were  broken  up  small  enough  to  pass  through 
by  "dobe"  blasting  them  on  the  ears.  Relatively  small  if  any 
damage  resulted  to  the  cars  by  this  method,  which  saved  time, 
the  most  important  element  to  be  considered. 

The  main  dumps  were  started  from  trestles  constructed 
for  the  purpose,  and  when  filled  out  as  far  as  the  spreader 
would  reach,  the  track  was  shifted  to  one  of  the  edges  of  the 
dump.  This  was  done  by  a  track  shifter  devised  on  the  Isth- 
mus for  the  work.  It  consisted  of  a  boom,  with  suitable  tackle, 
extending  from  a  flat  car  out  over  the  track  in  advance  of  the 
car,  by  means  of. which  the  track  was  lifted  bodily — ties  and 
rails — from  its  bed.  Another  boom  equipped  with  tackle  prac- 
tically horizontal  in  position,  and  extending  at  an  angle  to 
the  side  of  the  car,  was  used  for  pulling  the  track  to  one  side 
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or  another.  For  operating  the  booms,  the  car  was  equipped 
with  an  engine  similar  to  the  ordinary  hoisting  engine.  The 
traekshifter  was  improved  so  that  the  track  could  be  thrown 
nine  feet  from  its  original  position  in  one  operation,  instead  of 
only  five  feet  as  at  first.  On  one  occasion,  at  Tabernilla  dump, 
1%  miles  of  track  were  shifted  twelve  feet  from  the  original 
position  in  one  hour  and  fifty  minutes.  Ten  of  these  track- 
shifters  were  made  on  the  Isthmus  and  used  on  the  work.    To 


Fig.  8.     Trackshifting  Machine. 

permit  this  trackshifting,  the  track  had  one  free  end,  and  was 
made  more  flexible  by  an  occasional  switch-point  in  laying  the 
rails. 

In  widening  a  dump,  the  track  on  the  trestle  was  extended 
on  cribbing,  or  a  pile  tail  trestle,  along  which  the  end  of  the 
track  was  shifted  as  the  main  track  was  moved.  The  dumping 
operations  were  begun  at  Balboa  with  a  view  to  filling  the 
swamps  for  a  new  railroad  yard  on  the  Pacific  side,  and  then- 
to  make  a  coffer  dam  around  the  area  within  which  were  to 
be  constructed  the  Pacific  locks  projected  at  Sosa  Hill.    When 
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this  project  was  abandoned  and  the  site  of  the  locks  moved 
inland,  the  dump  already  started  was  continued.  It  was  also 
decided  to  extend  a  causeway  out  to  Naos  Island  to  deflect 
the  silt-bearing  current  moving  from  east  to  west,  and  thus 
reduce  the  maintenance  cost  of  the  dredged  channel  in  the 
Pacific.  As  a  result,  676  acres  of  land  were  reclaimed  from 
the  Pacific,  which  are  now  used  for  an  artillery  garrison,  quar- 
antine and  wireless  stations.  On  the  Miraflores  and  Balboa 
dumps  a  second  layer  of  spoil  was  added  to  a  portion  of  the 
dumps,  begun  by  filling  in  a  trestle  constructed  on  the  first  or 
lower  dump. 

Great  difficulty  was  experienced  in  constructing  the  Naos 
Island  breakwater,  or  causeway.  The  bottom  was  soft  mud 
which  would  be  squeezed  out  by  the  heavier  material  dumped 
on  it,  and  as  the  load  would  move  with  the  mud,  the  single 
trestle  in  use  was  destroyed.  Finally,  the  plan  was  adopted 
of  driving  a  double  trestle,  stoutly  braced,  extending  to  Naos 
Island  instead  of  piecemeal  out  ahead  of  the  dump,  and  filling 
from  Naos  Island  north;  then  when  the  trestle  went  out,  there 
would  be  a  sufficient  length  remaining  to  permit  the  continu- 
ance of  operations.  Finally,  rock  only  was  used  instead  of  run 
of  the  Cut  as  at  first.  Special  piles  40  to  75  feet  long  were 
used  and  these  were  spliced  in  order  to  reach  solid  bottom, 
which  in  some  instances  was  120  feet  down.  Though  the  dif- 
ficulties were  not  so  great  with  the  more  stoutly  built  trestle,  it 
nevertheless  gave  trouble;  it  could  not  be  completed  before 
steamshovel  operations  in  the  Cut  ceased,  and  it  became  neces- 
sary to  borrow  rock  from  Sosa  Hill  in  order  to  complete  the 
causeway.  It  is  3.29  miles  long  and  45  feet  wide  at  the  top. 
Two  mounds  of  mud  carrying  with  them  rock  that  had  been 
dumped  from  the  trestle,  were  pushed  up,  one  on  either  side 
of  the  causeway  and  parallel  with  it,  approximately  125  feet 
on  either  side.  On  both  sides  were  also  visible  some  of  the 
piles  of  the  trestle  sticking  points  up,  the  majority  located 
approximately  100  feet  to  the  west  of  the  breakwater,  but 
several  at  a  maximum  distance  of  220  feet  to  the  east.  In 
bridging  the  water  gap,  1,979,795  cubic  yards  of  material  were 
used. 
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The  greatest  difficulty  in  excavating  Culebra  Cut  was 
caused  by  the  slides,  an  unanticipated  source  of  trouble.  It  is 
true  that  Cucaracha  slide  existed,  beginning  in  1884  during  the 
French  regime,  but  this  was  considered  a  movement  of  the  sur- 
face clay,  which  could  be  easily  overcome.  An  examination  of 
the  report  of  the  International  Board  of  Engineers  leads  to 
this  conclusion,  as  do  also  the  cross-sections  adopted  by  that 
Board,  which  show  slopes  below  the  rockline  of  3  on  2  down 
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Tig.  10.     Culebra  Cut.    Bock  Slide  South  End  of  Gold  Hill.    August  1913. 

to  the  95-foot  level.  In  the  hearings  held  by  the  Senate  Com- 
mittee on  Interoceanic  Canals  following  the  receipt  by  Con- 
gress of  the  report  of  this  Board,  it  is  asserted  by  one  of  the 
members  who  had  walked  the  length  of  Culebra  Cut  that  there 
would  be  no  slide  other  than  might  result  in  an  ordinary  clay 
bank.  A  geological  survey, made  in  1906  and  1907  tended  to 
verify  this  expectation,  yet  serious  trouble  began  in  1907,  and 
the  troubles  of  this  nature  have  continued  up  to  the  present 
time  and  the  slides  are  still  in  progress. 

As  noted,  Cucaracha  gave  trouble  to  the  French,  and  a 
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system  of  drainage  was  laid  out  and  executed,  but  this  did 
not  relieve  the  situation.  The  slide  resumed  its  activity  in 
January,  1905,  and  a  very  serious  disturbance  took  place  in 
the  fall  of  1907,  when  a  large  section  of  the  surface  of  the 
hill  moved  entirely  across  the  Cut,  overturning  two  steam- 
shovels,  nearly  burying  one  of  them;  completely  covering  the 
main  tracks,  thereby  blocking  traffic  to  the  south,  and,  by 
stopping  drainage,  flooding  the  Cut  to  the  north,  preventing  some 
of  the  other  shovels  from  working.  By  piping  water  from  the 
Rio  Grande  reservoir,  the  material,  consisting  of  clay,  was 
sluiced,  until  traffic  through  the  slide  was  opened  and  the 
shovels  resumed  work. 

Cucaracha  in  its  earlier  stages  was  a  typical  slide,  in  that 
it  consisted  of  clay  and  other  material  moving  on  a  surface  in- 
clined towards  the  prism,  and  it  was  believed  that  the  removal 
from  the  prism  of  the  overlying  mass,  as  it  moved  in,  would 
overcome  all  further  trouble.  These  hopes  were  apparently, 
realized  when,  except  for  an  occasional  slight  surface  slough- 
ing, the  slide  ceased  to  be  troublesome  in  the  dry  season  of 
1910-11.  The  geologist  also  was  convinced  that  the  difficulties 
caused  by  the  slide  were  practically  at  an  end,  and  in  confirma- 
tion of  his  opinion,  the  bottom  grade  of  the  canal  was  secured 
and  the  widening  cuts  were  progressing  towards  completion  of 
the  section,  when,  in  January,  1913,  the  rock  formation  sup- 
porting the  mass  above  and  back  of  it,  gave  way,  completely 
closing  the  prism,  reaching  an  elevation  of  69  on  the  opposite 
face  of  the  excavated  area.  Steamshovels  could  make  but  little 
headway,  but  by  constant  digging,  traffic  was  maintained 
through  it  on  the  west  side  of  the  canal  at  elevation  69,  until 
steamshovel  operations  ceased. 

In  January,  1907,  on  the  east  side  opposite  the  village  of 
Culebra  a  slide  developed,  and  though  it  was  troublesome,  noth- 
ing very  serious  was  anticipated.  The  formation  differed  ma- 
terially from  that  at  Cucaracha,  and  its  extent  at  that  time  was 
very  small  in  comparison,  yet  this,  together  with  the  move- 
ments along  the  west  bank  at  Culebra,  proved  the  most  difficult 
and  troublesome  of  them  all.  In  October,  1907,  a  crack  devel- 
oped fifty  or  more  feet  from  the  face  of  the  bank  on  the  west 
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side  of  the  canal  near  the  old  railroad  station  at  Culebra.  Sub- 
sequent to  the  cracking,  the  ground  to  the  west  of  it  showed 
perceptible  settlement,  though  the  elevation  of  the  portion  be- 
tween the  crack  and  the  prism  remained  unchanged ;  this  set- 
tlement was  accompanied  by  a  bulging  up  of  the  bottom  of  the 
canal  sufficient  to  raise  the  shovel.  At  the  time  this  occurred 
the  shovel  was  at  elevation  175,  and  the  subsiding  portion  of 
the  upper  bank  was  at  elevation  275.    Ultimately  the  portion 


Fig.  11.     Culebra  Cut,  Culebra.    Break  in  East  Bank  between  Stations  1746-1748. 
General  View  from  West  Bank.    May  1913. 

between  the  crack  and  the  prism  settled  down,  sliding  into 
the  prism.  Subsequently  new  cracks  developed  farther  back, 
followed  by  similar  settlements  and  movements  into  the  Cut, 
involving  large  masses  of  material;  the  same  condition  devel- 
oped on  the  east  side.  The  masses  moving  into  the  Cut  ma- 
terially interfered  with  the  work  by  overturning  or  blocking 
tracks,  interrupting  drainage,  and  putting  shovels  out  of  serv- 
ice. It  seemed  that  whatever  material  could  be  removed  from 
the  top  would  be  that  much  to  the  good.  Opposition  developed 
on  the  ground  that  an  unnecessary  amount  of  material  might 
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have  to  be  handled  if  this  method  were  adopted ;  furthermore, 
an  additional  amount  of  trackage  would  have  to  be  maintained. 
Following  another  break  on  the  east  side  at  Culebra,  in  Decem- 
ber, 1910,  this  method  was  put  into  effect  and  continued  until 
the  water  was  admitted  to  the  Cut  in  October,  1913,  to  be 
resumed  subsequently.  Similar  procedure  was  followed  on 
the  west  side  and  then  resorted  to  at  other  localities  where  the 
conditions  warranted.  '  The  results  were  satisfactory  in  reduc- 


Fig.  12.    Culebra  Cut,  Empire.    Slide  on  West  Bank  below  Division  Engineer's  Office. 

The   two  nearest   shovels   are   on  the  bottom  of  the   canal;    the  farther 
one  is  18  ft.  above.     June  1913. 

ing  and  finally  overcoming  all  movement  upward  of  the  bottom 
of  the  canal  before  the  water  was  admitted,  at  which  time  the 
full  width  and  depth  had  been  secured  through  the  length  of 
upwards  of  2000  feet  along  which  this  rising  of  the  bottom 
had  occurred. 

The  canal  crosses  the  divide  at  an  angle;  Gold  Hill  is  a 
peak  in  the  divide,  and  the  canal  has  a  slight  bend  at  this  point ; 
Cucaracha  is  a  slide  from  the  hills  to  the  southeast  of  Gold 
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Hill.  On  the  opposite  (northeast)  side  these  hills  have  steep 
slopes  down  to  the  valley  of  the  Obispo.  Material  excavated 
from  the  upper  levels  of  the  east  Culebra  slide  was  dumped  in 
the  valley  of  the  Obispo  well  to  the  east  and  north,  and  an 
opening  was  left  through  the  embankment  carrying  the  tracks; 
for  the  passage  of  the  stream.  The  removal  of  material  from 
the  upper  levels  of  the  sliding  areas  was  giving  good  results; 
Cucaraeha  slide  was  breaking  farther  up  the  hill,  but  the 
material  down  the  entire  face  in  motion  could  not  support 
steamshovels  and  trains,  so  this  plan  could  not  be  adopted  for 
this  locality.  It  was  therefore  decided  to  remove  as  much  of 
the  material  from  the  top  as  possible  by  sluicing,  utilizing  a 
portion  of  the  plant  purchased  for  excavating  in  this  way  a  part 
of  the  area  below  Miraflores  locks,  which  was  at  the  time  idle. 
Consequently,  the  opening  in  the  embankment  was  closed,  thus 
storing  the  flow  above  the  dam  that  was  formed  in  the  upper 
river  valley;  the  level  of  the  resulting  pool  was  regulated  by 
discharge  pipes  suitably  located.  Sluicing  operations  were 
begun  on  the  soft  material  north  of  Gold  Hill,  a  part  of  the 
East  Culebra  slide,  and  on  the  top  of  Cucaraeha  slide.  The 
plant  installed  consisted  of: 

3 — 19"  x  30"  x  50"  x  24"  Worthington  pumping  engines;  capacity 
7500  cubic  feet  per  minute. 

3 — 500-hp.  Babcoek  &  Wilcox  boilers. 

3 — -Worthington  condensers,  1380  square  feet. 

3— Duplex  pumps  12"  x  20"  x  24"  (for  condensers). 

2 — Alberger  booster  pumps,   12-in.,  2-stage,   "V  '-type   turbine, 
3000  gallons  per  minute  at  1500  r.p.m. 

2 — G-.  E.  Co.  induction  motors,  350-hp.,  1500  r.p.m. 

1 — Giant  monitor  for  12-in.  pipe. 

4 — Borren  Giant  monitors  for  12-in.  pipe. 

4 — Borren  Giant  monitors  for  16-in.  pipe. 

Necessary  switchboard,  pipe  and  fittings. 

Nozzles  2%  in.  to  7  in.  in  diameter  at  discharge  were  used 
with  the  'monitors,  but  most  of  the  work  was  done  with  4-in. 
and  5-in.  nozzles.  By  means  of  this  plant,  1,633,647  cubic  yards 
of  material  were  washed  back  and  deposited  in  the  valley. 

In  the  dry  season  of  1913-14  an  examination  of  the  banks 
on  the  east  and  west  sides  at  Culebra  disclosed  the  develop- 
ment of  cracks  in  some  of  the  benches,   and  though  there 
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had  been  a  small  movement  from  the  east  side  subsequent  to 
the  admission  of  water,  this  had  been  cleaned  up  by  the  dredges, 
and  the  canal  through  this  section  was  apparently  in  good 
condition.  The  cracks  were  suspicious,  and  to  guard  against 
possible  contingencies,  it  was  considered  wise  to  resume  steam-, 
shovel  operations.  This  was  done  and  continued  until  July  1, 
1914,  when  all  trace  of  the  cracks  having  been  removed,  exca- 
vation was  stopped.    There  remained  the  crack  on  Zion  Hill, 


Fig.  13.     Culebra   Cut,   Empire.     Bock    Slides   on  East   Bank   of  La   Pita   Point. 

Nov.  1914. 

but  this  gave  no  concern,  as  assurances  had  been  given  that 
the  geological  formation  was  such  as  to  preclude  any  move- 
ment. As  the  last  steamshovel  was  being  taken  away  from 
the  west  side,  the  lowest  bench  gave  way,  the  material  moving 
into  the  Cut;  the  amount  was  small  and  easily  removed  by 
dredges. 

The  canal  was  opened  to  commerce  on  August  15,  1914, 
by  which  date  a  channel  150  feet  wide  and  35  feet  deep  had 
been  secured  through  Cucaracha  slide,  and  there  was  every 
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hope  of  maintaining  it,  as  the  dredges  were  removing  the 
material  much  faster  than  it  came  in.  On  October  15,  as  work 
at  Cucaracha  was  drawing  to  a  close,  the  east  bank  of  the  Cut 
north  of  Gold  Hill  for  a  length  of  2100  feet  and  extending  back 
1000  feet  from  the  center  line  of  the  channel,  settled  down,  and 
about  725,000  cubic  yards  of  rock  and  earth  were  squeezed  out 
and  into  the  canal  prism.  When  the  movement  occurred  there 
were  45  feet  of  water;  an  hour  later  there  were  only  nine 


Fig.  14.     Culebra  Cut  from  Contractor's  Hill,  looking  North.    April  1910. 

inches  in  some  parts.  Movements  subsequently  took  place  on 
the  west  side,  and  this  section  continues  to  be  the  troublesome 
one. 

In  May,  1910,  a  portion  of  the  rock  bluff  at  La  Pita  Point 
was  to  all  intents  and  purposes  pushed  out  and  settled  down, 
turning  the  waters  of  the  Obispo  diversion  into  the  canal,  neces- 
sitating the  construction  of  a  new  channel,  as  already  noted. 
Another  break  of  a  similar  kind  occurred  in  the  same  vicinity, 
but  to  the  north  of  La  Pita  Point,  on  August  20,  1912. 

There  were  22  slides  at  different  points  along  the  line, 
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involving  the  removal  of  amounts  of  material  varying  from 
3300  cubic  yards  in  the  slide  at  Pedro  Miguel  to  over  9,000,000 
cubic  yards  from  the  West  Culebra  slide,  before  the  admission 
of  water  in  October,  1913.  The  total  amount  removed  by  steam- 
shovels  because  of  the  slides  was  25,206,100  cubic  yards,  or 
25.32  per  cent  of  the  total  removed  in  the  dry  from  the  Cut. 

Various  means  were  adopted  to  reduce  or  prevent  the 
slides,  but  without  success.     A  geologist  was  employed  with 


Fig.  15.     Culebra  Cut,  Culebra.  Looking  South  from  West  Bank.  August  1914. 

the  hope  that  material  assistance  would  be  secured,  but  the 
situation  was  an  entirely  novel  one  to  him,  as  it  was  to  the  engi- 
neers. Though  the  method  of  removing  weight  from  the  upper 
levels  had  been  adopted  at  the  Culebra  slides,  this  was  applied 
to  other  localities  where  the  geologist  thought  the  formation 
warranted  it.  Piles  were  driven  with  the  hope  that  by  catch- 
ing firmly  in  solid  ground  they  might  assist  in  holding  the  upper 
portions,  but  in  no  case  were  they  of  any  avail.  Rock  dumped 
on  the  surface  had  proved  efficacious  elsewhere,  and  this  was 
tried  with  some  success,  but  only  in  the  case  of  one  of  the 
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small  slides.  Drainage  has  been  tried  and  undoubtedly  assists. 
The  great  difficulty  is  that  there  is,  so  far  as  known,  no  means 
of  determining  where  the  slides  are  liable  to  occur,  and  the 
first  intimation  of  anything  wrong  is  the  slide  or  break  itself. 
With  the  geological  formation  changing  so  frequently  and  sud- 
denly, both  in  the  direction  of  the  Cut  and  up  and  down,  there 
is  no  possibility  of  any  uniformity  in  slopes.  No  uniformity  of 
slopes  could  be  maintained,  as  will  appear  from  Plate  II,  which 
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Fig.  16.     Culebra  Cut,  Culebra.    Looking  South  from  West  Bank,  showing  Condi- 
tion of  Both  Banks.    February  1915. 

shows  the  slopes  at  various  localities,  and  at  the  Culebra  slides 
these  slopes  are  not  yet  the  final  ones. 

Dry  excavation  was  not  confined  to  Culebra  Cut,  but  ex- 
tended to  various  localities  between  the  Atlantic  and  Pacific. 
The  adoption  of  the  85-foot  level  project  materially  reduced 
the  amount  of  excavation,  but  where  steamshovels  were  used 
the  methods  introduced  and  carried  out  in  Culebra  Cut  were 
applied  to  other  localities. 

The   Chagres  River  between  Gamboa  and   Gatun  crossed 
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the  line  of  the  canal  twenty-three  times,  and  therefore  the  canal 
was  cut  through  certain  peninsulas,  which  in  the  reports  were 
designated  by  numbers.  Floods  in  the  Chagres  materially  inter- 
fered with  progress  in  this  portion  of  the  canal.  While  most 
of  the  work  in  this  section  was  done  by  day's  labor,  some  of  it 
was  done  by  contract.  This  method  was  first  adopted  for  an 
isolated  portion  between  miles  17-19,  where  heavy  equipment 
could  not  be  used  advantageously,  and  to  avoid  the  necessity  of 
establishing  camps,  commissaries  and  messes.    Task  work  was 


Fig.  17.     The  Cut  at  Caimito  During  Flood  of  June  15,  1909. 

adopted  and  natives  living  in  the  vicinity  were  employed.  The 
contractor  for  some  excavation  at  Bohio  used  a  sluicing  plant, 
washing  the  larger  part  of  the  material  into  the  Chagres  River. 
The  contractor  for  the  portion  between  miles  15-20  failed  to 
complete.  There  is  nothing  of  special  interest  connected  with 
the  excavation  of  this  portion  of  the  canal  not  covered  by 
similar  features  of  the  digging  of  Culebra  Cut. 

Point  1,  through  the  peninsula  directly  across  the  Chagres 
River  from  Gamboa,  formed  another  channel  for  the  river,  and 
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in  November,  1909,  the  flood  which  followed  its  completion 
caused  a  heavy  deposit  of  gravel,  which  was  removed  the  fol- 
lowing dry  season  by  a  crane  equipped  with  an  orange-peel 
bucket,  and  used  or  stored  for  ballast  and  for  some  concrete 
work.  The  following  wet  season  added  another  deposit,  which 
was  excavated  and  used  or  stored,  a  steamshovel  being  sub- 
stituted for  the  crane. 

The  dry  excavation  in  the  Chagres  River  section  was  com- 
pleted during  the  fiscal  year  ending  June  30,  1912,  which  per- 
mitted raising  the  level  of  the  lake  to  elevation  50  above  sea 
level.  Starting  with  the  lake  at  50  on  July  1,  1913,  under  con- 
ditions of  average  rainfall  the  Gamboa  dike  would  exclude 
water  from  the  Cut  until  about  the  middle  or  latter  part  of 
October,  so  it  was  concluded  to  make  preparations  for  admit- 
ting water  to  the  Cut  and  blowing  up  the  dike  on  October  10, 
1913,  subsequently  removing  what  material  remained  by 
dredges.  Steamshovel  operations  in  Culebra  Cut  were  perma- 
nently suspended  on  September  10,  1913,  and  all  construction  ma- 
terial and  equipment  were  removed  prior  to  turning  in  the  water. 

To  obviate  the  damage  that  might  be  created  by  the  onrush 
of  water  into  the  Cut,  water  was  admitted  on  October  1,  1913, 
through  the  24-inch  pipes  that  had  been  laid  through  the  dike, 
and  when  the  dike  was  blown  up,  the  difference  in  level  be- 
tween the  water  north  and  south  of  the  dike  was  six  feet.  Only 
part  of  the  dike  was  destroyed  on  October  10,  the  rest  of  it 
being  demolished  piecemeal.  The  holes  were  drilled  from  20 
to  35  feet  in  depth,  and  the  total  number  in  the  dike  was  1277. 
Of  these,  419  were  loaded  with  16,300  pounds  of  60%  dyna- 
mite and  exploded  about  two  o'clock  P.  M.,  October  10th,  by 
President  Wilson  at  "Washington.  Cucaracha  slide  was  a  com- 
plete barrier  to  the  water;  though  a  small  channel  was  dug 
through  part  of  it,  the  material  would  not  wash;  explosives 
seemed  no  more  effective,  and  it  took  fourteen  days  to  get  the 
water  by  it  so  as  to  secure  the  same  water  level  on  the  two 
sides  of  it. 

The  channel  through  Mindi  Hills  was  excavated  by  steam- 
shovels  in  the  dry.  The  work  was  begun  in  July,  1907,  and 
completed  February  24,  1912.    The  original  elevation  over  the 
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area  removed  for  the  canal  prism  averaged  20  above  sea  level 
on  the  center  line,  and  the  highest  point  within  the  limits  of 
the  prism  was  at  elevation  60,  the  top  of  the  knoll  on  the  west 
side.  It  was  proposed  to  excavate  the  area  in  the  dry  to  sea 
level,  blast  what  remained  and  complete  by  dredging,  on  the 
ground  that  the  seamy  character  of  the  rock  in  the  hills  and 
the  portion  bordering  the  French  canal  which  was  to  the  north 
of  the  area  would  admit  too  much  water  to  continue  dry  ex- 
cavation much,  if  any,  below  sea  level.  This  prediction  as  to 
seepage  did  not  prove  true.  The  excavation  was  carried  to  42 
feet  below  mean  sea  level,  the  water  of  the  French  canal  being 
excluded  by  a  dike  which  was  left  for  the  purpose,  and  the 
pit  kept  dry  by  pumps.  The  dike  was  20  feet  wide  at  the  top 
(elevation  8),  with  an  interior  slope  of  2%  on  1  and  an  exterior 
slope  of  1  on  4,  which  gave  a  thickness  of  55  feet  at  sea  level. 
The  pumping  equipment  installed  consisted  of  three  8-inch 
centrifugal  pumps  and  one  15-inch  centrifugal  pump ;  the  total 
capacity  of  these  pumps  was  12,000  gallons  per  minute.  As 
the  flood  of  1909  in  the  Chagres  River  had  access  to  the  French 
canal,  the  pit  was  flooded,  which  suspended  operations  on  No- 
vember 20,  1909,  and  they  were  not  resumed  until  February, 
1911,  when  the  water  was  pumped  out ;  the  sediment  that  had 
been  deposited  and  clay  washed  in,  were  sluiced  out,  and  the 
excavation  completed. 

The  excavation  for  the  locks  at  Gatun,  Pedro  Miguel,  and 
Miraflores  offered  no  novel  features,  and  was  performed  by 
steamshovels  loading  into  Western  dumps.  The  channel  be- 
tween Miraflores  locks  and  deep  water  in  the  Pacific  was  ex- 
cavated by  dredges,  steamshovels,  and  by  sluicing.  That  done 
by  steamshovels  was  protected  by  two  dikes ;  the  outer  one  was 
subsequently  removed  when  an  inner  one  was  constructed, 
thereby  extending  dredging  and  reducing  the  steamshovel 
work,  after  the  area  between  the  two  had  been  stripped  of 
material  that  could  be  sluiced,  and  broken  up  by  blasting  for 
the  dredges. 

The  accompanying  table  gives  by  localities  the  amount  of 
material  removed,  its  classification  into  earth  and  rock,  and 
the  methods  employed. 
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Paper  No.  11 


CONSTRUCTION  OF  GATUN  LOCKS,  DAM  AND 
SPILLWAY. 


By 

Brig.  Gen.  W.  L.  SIBEBT,  U.  S.  Army,  M.  Am.  Soc.  C.  B. 

Formerly  Member  Isthmian  Canal  Commission  and 

Division  Engineer,  Atlantic  Division 

San  Francisco,  Calif.,  IT.  S.  A. 


The  project  recommended  by  the  minority  of  the  Interna- 
tional Board  of  Engineers,  and  adopted  by  Congress,  contem- 
plated a  duplicate  flight  of  three  locks  at  Gatun,  with  an  aggre- 
gate lift  of  85  feet,  and  a  dam  across  the  Chagres  Valley  at  the 
same  place,  with  regulating  works  to  control  the  lake  level  within 
specified  limits.  Plate  I  shows  in  plan  the  Gatun  Locks,  Dam 
and  Spillway  as  built. 

An  approximate  location  of  the  above  structures  was  made 
in  the  report  of  the  Board  referred  to  in  the  preceding  paragraph, 
but  time  did  not  permit  an  exhaustive  examination  of  the  ma- 
terial underlying  them.  One  of  the  first  duties  of  the  Construc- 
tion Division  at  the  Atlantic  end  of  the  Canal  was,  therefore, 
to  make  a  complete  investigation  of  the  material  available  for 
foundations,  both  for  the  locks  and  the  dam.  This  was  done  by 
digging  test  pits  and  making  a  well-distributed  set  of  borings, 
using  both  the  wash  rig  and  the  diamond-drill  outfit.  The 
object  of  the  borings  in  the  proposed  location  of  the  locks  was: 

(1)  To  determine  the  elevation  of  material  that  would 
safely  bear  the  contemplated  loads. 

(2)  The  character  of  such  material,  especially  whether  it 
was  sufficiently  porous  or  creviced,  or  both,  to  transmit  pressure 
from  the  lake. 

(3)  To  determine  whether  or  not  any  material  on  which 
any  part  of  the  Gatun  locks  would  rest  could  erode  under  any 
reasonable  assumption. 

Digitized  by  Microsoft® 


388  GATUN  LOCKS,  DAM  AND   SPILLWAY 

The  borings  at  the  lock  site  were  extended  to  a  depth  of 
about  50  feet  below  the  foundation  level  for  the  purpose  of  de- 
termining definitely  the  character  of  the  underlying  material 
and  the  thickness  of  the  various  strata  under  the  lock  founda- 
tions. On  Plate  II  is  shown  the  material  underlying  each  lock 
wall  for  the  entire  flight.  The  material  classified  as  "argillace- 
ous sandstone ' '  has  since  been  denominated  by  the  geologists  as 
indurated  clay.  That  classified  as  "conglomerate"  proved  to  be 
a  conglomerate  rock  suitable  for  foundation ;  this  would  not  core 
with  diamond  drill.  When  the  drillers  reached  the  stratum 
marked  "soft  sandstone",  they  reported  "black  sand";  the  ma- 
terial would  not  core.  In  order  to  proceed  with  the  drilling,  it 
was  necessary  to  chop  this  material,  and  it  was  washed  up  as 
sand.  Water  always  rose  in  the  drill  holes  after  encountering 
this  stratum,  and  its  persistence  led  to  extensive  tests  with  a 
view  of  ascertaining  its  water-bearing  capacity. 

A  test  pit  was  finally  dug  into  this  material  outside  the  lock 
pit,  shown  as  Test  Pit  No.  7,  on  Plate  III.  The  black  sand 
proved  to  be  a  soft  sandstone  capable  of  bearing  any  expected 
load.  The  effect  on  the  ground-water  level  in  the  surrounding 
holes  of  unwatering  this  test  pit  is  shown  on  this  plate.  The 
water  level  in  the  drill  holes  answered  quickly  to  the  pumping. 
From  a  study  of  all  the  experiments,  the  conclusion  was  drawn 
that  the  passage  of  water  from  the  holes  to  the  test  pit  was 
through  small  crevices  in  the  rock,  rather  than  generally  through 
the  material,  and  that  since  the  crevices  were  probably  produced 
by  earthquakes,  their  depths  could  not  be  determined. 

This  state  of  facts  was  unknown  before,  and  it  led  to  the 
design  of  a  floor  for  the  Gatun  locks,  for  about  600  feet  at  the 
south  end,  that  would  stand  the  full  lake  load,  if  it  received  it. 
The  soft  sandstone  under  this  part  of  the  foundation  was  mixed 
with  tufa,  was  creviced,  and  erosion  was  thought  to  be  possible. 
The  thick  floor,  as  built,  covered  entirely  the  space  where  this 
unsatisfactory  material  existed.  Bearing  tests  on  this  material 
showed  it  capable  of  safely  supporting  any  expected  load.  In 
addition  to  a  thick  floor,  a  trench  six  feet  or  more  wide  and  from 
twelve  to  eighteen  feet  deep  was  dug  through  the  soft  sandstone 
around  this  portion  of  the  lock  foundations,  and  filled  with  con- 
crete, as  a  cut-off  wall. 
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A  tell-tale  system  was  made  under  this  thick  floor  and  con- 
nected with  four-inch  pipes  that  were  imbedded  vertically  in  the 
lock  walls.  As  the  lake  rose  after  the  locks  were  finished,  the. 
level  of  water  in  the  pipes  was  observed.  Plate  IV  shows  the 
tell-tale  system  and  the  record  of  the  observations  of  the  water 
level  in  the  holes  as  the  lake  rose,  showing  that  in  spite  of  the 
cut-off  walls,  lake  pressure  was  transmitted  under  the  lock  floor. 
At  first,  the  height  of  water  in  the  holes  indicated  the  ground- 
water level,  which  varied  with  the  seasons.  April  25,  1911,  the 
Chagres  was  turned  through  the  Spillway  cut  and  the  lake  rose 
to  a  minimum  of  -f- 13.  This  level  varied  with  the  stages  of  the 
Chagres.  On  April  30,  1912,  the  sluice  gates  through  the  Spill- 
way dam  were  temporarily  closed  and  the  lake  allowed  to  rise 
to  the  preliminary  level  of  -+-  50,  above  which  it  found  relief 
over  the  central  portion  of  the  Spillway  dam,  which  had  been 
built  to  elevation  +  50  and  left  at  that  height  during  the  rainy 
season  of  1912  and  1913  so  as  to  prevent  the  water  from  rising 
to  such  a  height  as  to  interfere  with  work  in  the  Central  Division. 
On  June  27,  1913,  all  gates  were  permanently  closed  and  the 
lake  reached  its  final  height  about  December  15.  It  is  regretted 
that  no  observation  holes  were  inserted  just  north  of  the 
Emergency-dam  sill,  where  the  pressure  under  floor  was  the 
greatest. 

Behind  the  lock  walls,  north  of  the  thick  floor,  a  drainage 
was  provided  that  carried  all  seepage  to  sea-level,  and  the  lock 
floor  was  made  thinner. 

CONSTRUCTION  OP  GATUN  LOCKS. 

Lock  Excavation. 

There  was  nothing  unusual  in  excavating  for  the  founda- 
tions of  the  Upper  and  Middle  locks,  the  rock  being  encountered 
above  grade  in  all  places.  The  underlying  rock  dipped  to  the 
north  and  east,  and  was  encountered  at  grade  about  400  feet 
from  the  north  end  of  the  east  wall  of  the  lower  lock,  at  which 
end  the  rock  was  20  feet  below  grade,  or  66  feet  below  sea-level, 
the  overlying  material  being  soft  mud. 

All  the  excavation  for  the  locks  proper,  including  the  caisson 
sill,  north  end,  was  done  by  steam  shovels,  the  main  effort  al- 
ways being  to  keep  the  excavation  sufficiently  ahead  so  that  the 
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other  operations  could  be  expanded  as  fast  as  economy  indi- 
cated. This  meant  that  the  excavation  for  each  lock  chamber 
should  be  completed  in  time  for  the  concrete  force  to  spread  into 
it  as  the  work  in  the  one  above  was  nearing  completion. 

This  concrete  force,  when  well  under  way,  averaged  about 
3000  cubic  yards  of  concrete  a  day  for  an  entire  year.  Everything 
went  well,  with  no  interference,  until  the  attempt  was  made  to 
complete  the  excavation  for  the  400  feet  at  the  north  end  of  the 
east  wall,  lower  lock.  The  character  and  viscosity  of  the  over- 
lying material  can  be  judged  by  Fig.  1.  This  excavation 
could  be  made  by  steam  shovels  on  account  of  the  fact  that 
the  rock  rose  to  the  west,  and  the  steam  shovel  could  always 
be  kept  on  rock.  It  was  necessary  to  build  the  floor  20  feet  thick 
in  order  to  bring  it  to  grade  at  this  end;  and,  even  after  the 
floor  was  in,  the  material  would  slide  in  over  it,  and  conditions 
were  too  uncertain  to  commence  building  the  walls.  When  this 
floor  was  gradually  worked  in,  old  rails  were  imbedded  in  a 
vertical  position  near  the  east  edge  of  it,  so  as  to  reinforce  a 
concrete  retaining  wall  above,  should  that  be  necessary  in  keep- 
ing the  mud  off  the  foundation.  This  was  found  necessary,  and 
it  was  with  difficulty  that  this  wall,  about  16  feet  high,  was  con- 
structed, short  lengths  at  a  time. 

The  concrete  in  this  wall  was  not  all  lost,  as  it  formed  a 
part  of  the  wall  section  back  of  the  culvert.  This  wall  held  the 
mud  back  so  that  the  entire  lock  wall  could  be  constructed.  This 
experience  proved  conclusively  that  the  excavation  for  the  flare 
and  north  guide  walls  could  not  be  made  by  steam  shovel,  the 
material  being  so  soft  that  it  would  not  support  a  shovel.  In 
order  to  keep  the  locks  properly  unwatered  while  this  was  being 
done,  and  thus  not  interfere  with  gate  erection  and  machinery 
installation,  a  dam  was  built  across  each  lock  chamber,  on  the 
north  caisson  sill,  capable  of  resisting  a  42-foot  head  of  water. 
The  dam  was  composed  of  reinforced  concrete  piers  one  foot 
thick  and  ten  feet  apart,  which  supported  a  water-tight  timber 
facing. 

It  was  decided  to  make  the  excavation  for  the  flare  and 
guide  walls  by  suction  dredges,  and  Plate  V  shows  the  depths 
to  rock  in  the  space  to  be  excavated  for  such  walls.  The  flare 
walls  being  retaining  walls,  and  there  being  no  lateral  resistance 
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in  the  material  overlying  the  rock,  it  was  necessary  to  uncover 
the  rock  to  depths  of  about  70  feet  below  sea-level  in  founding 
these  walls.  The  viscosity  of  the  material  back  of  these  walls 
was  known,  slopes  as  flat  as  1  on  10  to  13  had  been  assumed  by 
this  material  in  excavating  for  the  north  end  of  the  lock  walls 
proper. 
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On  the  west  side  it  was  feared  that  the  slides  would  break 
back  to  the  East  Diversion,  if  uncontrolled,  and  on  the  east  side 
would  disrupt  the  railroad  connections  over  which  all  material 
came.  An  examination  of  the  rock  contours  represented  on 
Plate  V  will  show  that  each  flare  wall  crossed  a  depression  in 
the  rock.  This  map  also  shows  that  rock  would  be  encountered 
160  feet  east  of  the  east  flare  wall  at  about  40  feet  below  sea- 
level,  and  225  feet  west  of  the  west  flare  wall  at  the  same  depth 
below  sea-level. 

The  dredges  could  dig  to  a  depth  of  41  feet  only.  The  chan- 
nel excavation  from  the  sea  was  stopped,  as  shown  on  Plate  V,  so 
as  to  leave  sufficient  material  to  form  a  dam  between  such  exca- 
vation and  the  space  to  be  occupied  by  the  flare  and  guide  walls. 
An  entrance  channel  wide  enough  and  deep  enough  for  the  pass- 
age of  dredges  was  made  through  this  barrier,  and  the  dredges 
then  made  the  excavation  for  flare  and  guide  walls,  as  shown  on 
map,  uncovering  the  rock  higher  than  —  41  far  enough  back  to 
include  space  for  cable-way  tracks.  The  sea  water  which  fol- 
lowed the  dredges  was  kept  out  of  the  lock  chambers  by  the  dams 
referred  to  previously. 

When  the  dredges  had  completed  the  excavation  to  — 41, 
a  clay  dam  was  built  across  the  channel  through  which  the 
dredges  had  entered,  shutting  off  connection  with  the  sea.  The 
dredges  then  lowered  the  water  level  a  few  feet  at  a  time  and 
continued  the  excavation.  The  necessary  supply  of  water  for 
operating  the  dredges  was  pumped  into  the  pit. 

In  the  rear  of  each  flare  wall  the  rock  was  uncovered  be- 
fore the  water  was  lowered  sufficiently  to  start  serious  sliding. 
The  water  was  then  held  at  this  level  until  a  trestle  parallel  to 
the  locks  was  driven  into  the  soft  rock,  shod  piles  being  used. 
Kock  was  dumped  through  the  water  from  this  trestle,  forming 
a  retaining  wall  to  hold  back  the  mud.  (See  Fig.  2.)  This  rock 
fill  was  widened  as  fast  as  the  mud  was  removed  from  the  under- 
lying sloping  rock,  the  dredges  being  lowered  at  the  same  time. 
By  this  means,  all  serious  sliding  into  the  excavation  for  the 
flare  walls  was  prevented,  as  well  as  all  sliding  that  could  seri- 
ously disrupt  tracks  or  yards. 

The  rock  surface  under  the  G-atun  locks  was  very  uneven, 
being  composed  of  hills  and  valleys;  in  the  valleys  the  softest 
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of  mud  was  found,  corroborating  the  statements  of  the  geologists 
that  a  subsidence  of  more  than  300  feet  occurred  at  one  time  at 
Gatun.  The  ground  thus  lowered  below  sea-level  was  afterwards 
covered  with  a  sea  deposit  of  soft  blue  clay.  This  material  was 
found  overlying  red  clay  similar  to  that  found  everywhere  on 
the  surrounding  land. 

The  slides  down  the  submerged  gorges  crossed  by  the  flare 
walls  had  been  the  source  of  much  trouble  in  building  the  lock 


Fig.  2. 


General  View  of   Gatun  Locks,    Showing  North   End   of   Locks  with 
Temporary  Coffer-dam  in  Place. 


walls  as  far  north  as  the  caisson  sills  on  which  the  temporary 
dams  were  built.  The  two  gorges  crossed  by  the  flare  walls 
evidently  formed  a  deeper  gorge  just  east  of  the  center  guide 
wall. 

The  extreme  depth  to  rock  on  the  east  side  prevented  the 
adoption  of  a  process  for  the  entire  length  of  the  guide  wall 
similar  to  that  followed  for  the  flare  walls,  so  the  only  alternative 
was  to  let  the  suction  dredges  gradually  lower  the  water  surface 
and  remove  the  slides  as  they  came  in.  (Plate  V.)  The  guide 
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wall  was  to  be  built  in  the  center  of  the  excavation,  and  it  was 
hoped  in  the  beginning — if  a  space  140  feet  wide,  55  feet  below 
sea-level,  was  made,  with  side  slopes  above  this  elevation  of  1  on 
5 — that  serious  sliding  might  not  happen,  and  that  the  cable- 
way  tracks  might  be  extended  the  full  length  of  this  wall ;  the 
remaining  excavation  to  be  done  after  walls  were  completed. 

When  the  dredging  seaward  of  the  flare  walls  was  completed, 
slopes  of  1  on  13  existed  in  places  on  the  east  side,  and  after  the 


Fig.  3.     Slide  in  East  Bank  at  North  End  of  Gatun  Lower  Locks,  Jan.  25,  1913. 

slide  of  January  25,  1913,  occurred,  slopes  as  flat  as  1  on  20 
existed.  When  the  dredges  floated  at  32  feet  below  sea-level,  all 
the  rock  foundation  in  the  flare  walls  was  cleared;  the  entire 
space  was  finally  unwatered  by  a  dredge,  the  dredge  being 
grounded  55  feet  below  sea-level.  (See  Pig.  5.)  Steam  shovels 
were  then  placed  in  the  pit  to  work  over  that  part  of  the  founda- 
tion in  the  center  wall  where  rock  is  shown,  and  to  accomplish 
channel  excavation  on  the  west  side,  where  the  material  was 
stable. 
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Plate  V  shows  the  north  guide  wall  built  on  piles  driven  to 
rock.  It  was  intended  in  the  beginning  to  make  separate  foun- 
dations for  the  piers,  but  the  absence  of  any  lateral  resistance  in 
the  material  overlying  the  rock  caused  the  plan  to  be  changed, 
making  the  foundation  a  continuous  one,  a  slab  of  concrete  re- 
inforced with  old  rails  enveloping  the  heads  of  the  piles. 

In  the  middle  of  the  dry  season,  two  months  after  the  ex- 
cavation for  the  walls  in  question  had  been  completed,  and  the 
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Pig.   i.     Slide  In  East  Bank  at  North  End  of  Gatun  Lower  Locks,  Jan.  26,   1913. 

piles  for  the  guide  wall  had  been  more  than  half  driven,  the  east 
bank  gave  way  and  a  slide  covered  the  greater  part  of  the  guide- 
wall  foundation  with  mud  from  6  to  18  feet  deep,  wrecking  two 
pile-drivers.  (See  Figs.  3  and  4.)  The  sliding  material  was  so 
soft  that  men  could  not  stand  on  it,  and  it  was  necessary  to  drive 
a  pile  trestle  to  rock  along  the  axis  of  the  guide  wall  to  support 
a  locomotive  crane  for  clearing  away  the  mud.  This  process  was 
very  slow,  and  it  was  soon  decided  to  start  the  grounded  dredge 
to  pumping  mud  sluiced  to  it  by  small  monitors,  sufficient  water 
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to  operate  the  dredge  being  pumped  into  the  excavation.  (Loca- 
tion of  dredge  shown  on  Fig.  5.)  The  entire  foundation  was 
finally  cleared  in  March,  1913,  thus  completing  the  excavation 
for  the  Gatun  locks  and  approach  walls.    Of  course,  the  founda- 


Fig.  5.     North  Approach  Wall  of   Gatun   Lower  Locks.     Dredge   Grounded  55  Ft. 

below  Sea-level. 

tion  slab  for  the  guide  wall  was  pushed  along  as  fast  as  space 
was  available,  and  was  finished  about  the  time  that  the  excavation 
was  finished. 
Placing  Concrete — Gatun  Locks. 

The  engineering  problems  involved  in  the  construction  of 
the  Gatun  locks,  after  the  excavation  was  completed,  were  not 
more  difficult  than  many  engineering  problems  in  other  places; 
the  marked  difference  was  the  required  speed  of  work  in  order 
to  complete  the  task  in  the  specified  time. 

There  are  more  than  2,000,000  cubic  yards  of  concrete  in 
the  one  structure,  the  flight  of  locks  at  Gatun ;  and  this  in  a  con- 
tracted space  in  which  only  one  plant  and  one  organization  could 
be  used.     On  Plate  VI  is  shown  graphically  the  rate  of  placing 
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concrete  in  these  locks.  During  the  year  June,  1910  to  June, 
1911,  950,000  cubic  yards  were  placed,  an  average  for  the  entire 
year  of  about  3000  cubic  yards  per  working  day  of  twelve  hours. 
Commencing  about  January,  1912,  concreting  operations  were 
almost  nothing  for  a  year,  while  the  troublesome  excavation  de- 
scribed for  the  north  flare  and  guide  walls  was  being  made.  In 
order  that  this  excavation  should  not  delay  the  work  of  installing 
gates  and  machinery,  it  was  necessary  to  place  between  August 
24,  1909,  and  December  31,  1911,  1,760,000  cu.  yds.  of  concrete. 

All  engineers  know  that  forms  are  nearly  always  the  de- 
termining element  in  making  progress  in  placing  concrete ;  con- 
sequently, that  element  of  the  problem  was  given  most  careful 
study.  It  was  decided,  in  the  first  place,  to  lay  concrete  prin- 
cipally by  cableways.  The  side  walls  were  45  to  50  feet  wide  at 
the  base,  and  the  center  wall  was  60  feet.  The  objection  to  using 
cableways  in  contracted  places  was  thus  eliminated,  and  the  ad- 
vantage of  having  means  of  handling  the  fixed  irons  and  ma- 
terials anywhere  in  the  lock  space  was  marked.  Duplex  cable- 
ways  with  main  cables  18  feet  apart  were  finally  decided  upon. 
This  fitted  in  with  36-ft.  monoliths,  one  position  of  the  cableway 
building  an  entire  monolith,  or  possibly  one  in  each  wall. 

With  the  delivery  lines  18  ft.  apart,  the  towers  could  be  so 
placed,  with  respect  to  a  36-ft.  monolith,  that  no  concrete  de- 
livered on  these  lines  would  be  more  than  9  ft.  from  its  final 
position.  The  concrete  was  wet  and  flowed  to  its  final  position 
without  any  rehandling.  With  bottom-dump  buckets,  discharged 
by  the  cableway  operator,  concrete  was  placed  very  expeditiously 
and  economically.  In  the  beginning,  side-dump  buckets  were 
used,  but  the  bottom-dump  proved  the  best.  The  writer  would 
not  now  change,  essentially,  the  plant  and  method  followed  in 
placing  concrete  in  Gatun  locks. 
Cost. 

The  relatively  high  cost  of  concrete  in  the  Gatun  locks  was 
due  to  the  cost  of  material.  Stone  and  sand  were  procured  down 
the  coast,  the  former  20  miles  and  the  latter  40  miles  from 
Colon.  The  relatively  excessive  rainfall — 237  inches  the  first 
year  at  Porto  Bello — -and  other  physical  conditions,  including 
a  very  refractory  stone,  caused  the  cost  of  local  production  of 
crushed  rock  to  be  high ;  and  the  creation  of  a  water-transporta- 
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tion  plant  capable  of  delivering  across  a  portion  of  the  Caribbean 
Sea  more  than  3000  cu.  yds.  of  rock  and  1500  cu.  yds.  of  sand 
per  day,  and  3000  bbls.  of  cement  per  day  from  Colon  to  Gatun 
— the  cost  of  which  plant  was  all  absorbed  in  the  material — 
caused  the  ultimate  cost  of  sand,  stone  and  cement  to  be  high. 
In  addition,  the  cost  of  opening  up  the  old  French  Canal  from 
Cristobal  to  Gatun,  the  cost  of  providing  and  operating  the  extra 
plant  for  transporting  the  material  from  the  unloading  docks  to 
the  concrete  mixers,  1700  ft.  away  and  60  ft.  above  such  docks, 
largely  increased  the  cost  of  materials.  The  decision  to  procure 
sand  and  stone  down  the  coast  from  Colon,  thus  relieving  the 
Panama  Railroad  of  an  excessive  service  and  insuring  an  inde- 
pendent supply,  was  made  early,  and  was  based  largely,  so  the 
writer  was  informed,  upon  transportation  needs  of  the  other 
parts  of  the  work,  leaving  the  Panama  Railroad  free  for  this  and 
for  trans-continental  freight  business.  It  was  not  known  at  the 
time  this  decision  was  made  when  the  elevation  of  Gatun  Lake 
would  force  all  traffic  to  the  relocated  line  of  the  Panama  Rail- 
road, which  line  at  that  time  was  not  planned  as  a  freight- carry- 
ing road.  It  was  known  that  this  would  make  the  cost  of  sand 
and  stone  for  the  Gatun  locks  relatively  high. 
Forms. 

Steel  forms  were  finally  decided  upon  for  the  lock-wall 
monoliths,  as  well  as  for  the  culverts  and  all  openings  of  fre- 
quent occurrence.  General  drawings  showing  the  lock-wall  forms 
assembled  are  shown  on  Plate  VII.  When  the  work  first  started, 
alternate  monoliths  were  built,  but  it  was  soon  decided  to  place 
booms  on  the  form  towers,  for  handling  the  form  pieces,  and  to 
build  monoliths  consecutively.  One  of  the  difficulties  encountered 
had  been  the  transporting  of  the  pieces  for  the  sides  and  backs 
of  forms.  The  end  construction  and  the  boom  on  forms  solved 
the  problem  of  handling  the  pieces  forming  the  sides;  and 
brackets  placed  on  the  tower  forms,  as  shown  in  Pig.  6,  solved 
the  problem  of  transporting  the  forms  for  the  back  steps. 

It  required  about  a  week  to  build  a  thirty-six-foot  section 
of  lock  wall  to  full  height.  As  soon  as  this  section  had  set,  the 
cableway  would  remove  the  back-step  forms  and  place  them  on 
the  brackets,  as  shown;  then  the  side  form  would  be  unbolted 
and  the  pieces  placed  about  40  feet  ahead  by  the  boom  on  the 
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form,  as  shown;  side  forms  being  used  on  one  end  only,  after 
the  first  monolith  was  built.  The  front  form,  in  one  piece,  would 
then  be  withdrawn  by  screws  from  the  concrete;  the  tower 
carrying  it  and  the  forms  for  back  steps  was  moved  along  on  the 
tracks  for  36  feet ;  and  the  front  lined  up,  with  the  screws,  under 
the  direction  of  an  instrument  man.  The  side  forms  and  brace 
would  then  be  placed  by  the  booms  on  the  form.     The  vertical 


Fig.  6.     West  Chambers  of  Upper  and  Middle  Looks  from  Gatun  Lower  Locks. 

part  of  the  back  of  side  walls,  where  the  rock  was  close  and 
bracing  easy,  was  generally  built  of  wood.  The  forms  for  steps 
were  placed  by  the  cableways  when  needed. 

A  monolith  form  could  be  dismantled  and  set  up  ready  for 
concrete  in  less  than  two  days.  This  included  collapsing  and 
moving  forward  the  forms  for  the  18-foot  culverts.  A  mono- 
lith in  the  side  wall  contained  3500  cu.  yds.,  and  in  the  center 
wall  4500  cubic  yards.  There  were  four  duplex  cableways 
for  placing  concrete,  and  nine  monolith  forms,  with  the  result 
that  cableways  were  seldom  kept  waiting  for  forms. 

The  wall  forms  and  many  collapsible  forms   for  special 
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openings  and  tunnels  were  designed  on  the  work.  A  general 
specification  was  gotten  out  for  a  collapsible  form  for  the  18-foot 
culvert.  Enough  of  the  bottom  of  the  culvert  was  to  be  struck 
to  template  to  provide  for  a  track;  and  the  specifications  called 
for  a  form  for  the  remainder  of  the  culvert,  mounted  on  a  truck, 
that  could  be  collapsed  on  the  truck.  A  special  design  was  got- 
ten out  by  a  bridge  company,  meeting  these  specifications,  that 
proved  very  satisfactory.     The  bridge  company  patented  the 


Hg.  7.     Collapsible  Steel  Farms  for  Construction  of  18-Ft.  Diameter  Wall  Culverts, 
Gatun  Lower  Locks. 

form.     (See  Fig.  7.)     These  forms  were  made  in  12-ft.  sections, 
and  three  of  them  run  together  provided  for  one  monolith.    The 
lock-wall  forms  were  transferred  from  upper  to  lower  lock  levels 
by  means  of  incline  tracks. 
Setting  Temperatures  of  Concrete  in  Large  Masses. 

The  lock  walls  have  gravity  sections,  and  it  is  seldom  that 
such  large  masses  of  concrete  are  laid,  so  it  was  decided,  as  a 
matter  of  record,  to  obtain  the  setting  temperatures  of  this  con- 
crete.   On  Plate  VIII  is  shown  the  location  of  the  thermometers 
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imbedded  in  the  side  and  center  walls.  This  plate  also  shows 
the  temperature  curves  as  indicated  by  the  several  thermometers. 
The  thermometers  were  spirals  of  fine  wire  of  high  resistance  in 
water-tight  glass  tubes,  protected  by  steel  casing.  The  principle 
of  the  thermometer  depends  on  increased  resistance  with  a  rise 
of  temperatures.  The  electric  current  for  the  thermometers  was 
supplied  from  storage  cells  whose  electromotive  force  was  prac- 
tically two  volts  each.  These  thermometers  were  calibrated  by 
comparing  them  with  mercury  thermometers  in  an  oil  bath.  An 
examination  of  the  plate  shows  a  maximum  setting  temperature 
of  131  degrees,  and  that  it  requires  about  one  year  for  the  con- 
crete to  reach  normal  temperature.  The  Gatun  locks  were  built 
in  monoliths  36  feet  long,  with  contraction  joints.  No  contrac- 
tion cracks  were  noted  except  in  the  first  monolith  in  the  center 
wall  in  the  crown  of  the  culvert,  where  there  is  an  abrupt  change 
of  section.  Steps  were  immediately  taken  to  prevent  this  in  the 
remaining  monoliths  by  inserting  old  steel  rail  as  reinforcement. 
After  that  no  further  cracking  was  noted. 
Construction  Plant — Gatun  Locks. 

The  decision  to  obtain  the  crushed  rock  and  sand  on  the 
Atlantic  Coast  twenty  and  forty  miles,  respectively,  from  Colon, 
to  transport  same  by  barges  across  the  Caribbean  Sea  and  up  the 
old  French  canal  and  as  close  as  practicable  to  the  lock  sites, 
largely  determined  many  features  of  the  plant.  The  liability  of 
storms  on  the  Caribbean,  and  the  consequent  chance  of  there 
being  times  of  a  week  or  ten  days'  duration  when  navigation 
would  be  impracticable,  and  the  desire  to  eliminate  all  chance 
of  a  scarcity  of  material,  due  to  quarry  or  transportation  break- 
downs, were  the  factors  that  required  provision  for  a  large  stor- 
age of  sand  and  stone — to  wit,  200,000  cubic  yards  of  stone  and 
100,000  cubic  yards  of  sand.  This  led  to  the  adoption  of  cable- 
ways  as  the  unloading  device.  Plate  IX  shows  the  general  layout 
of  this  plant. 

By  dredging  a  channel  connecting  the  old  French  canal  with 
the  French  East  Diversion,  access  was  made  to  a  wharf  site  as 
close  as  practicable  to  the  locks.  The  material,  however,  when 
unloaded  at  this  wharf  into  the  storage  piles  and  into  the  cement 
shed,  was  about  1700  feet  from  and  60  feet  below  the  centrally 
located  mixer  plant. 
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The  problem  of  getting  these  materials  into  the  mixers  in 
proper  proportion  was  finally  solved  by  installing  an  automatic 
electric-railway  system,  running  in  a  loop  line,  under  the  cement 
shed,  under  the  storage  piles  of  sand  and  stone,  thence  to  the 
foot  of  an  incline  leading  into  the  mixer  building,  thence  around 
a  curve  and  back.     (See  Plate  IX.). 

The  mixed  concrete  was  delivered  in  buckets  on  small  flat 
cars  that  were  hauled  to  the  various  cableways  by  electric  loco- 
motives.    The  automatic  cars  were  individually  motor  driven, 


Fig.  8.     Concrete  Mixing  Plant,  Gatun. 

each  having  a  capacity  of  80  cubic  feet  of  stone,  sand  and  cement, 
and  were  of  the  hinged  side-door  type.  Each  ear  was  driven  by 
two  constant-speed  alternating-current  motors  of  the  enclosed 
type.  The  motors  were  operated  by  a  three-phase  current,  25- 
cycle,  220-volt  pressure,  taking  current  from  overhead  trolleys. 
The  normal  speed  of  the  cars  was  300  feet  per  minute.  The  cars 
were  automatic  in  taking  up  and  maintaining  a  constant  speed, 
and  were  started  and  stopped  by  the  simple  operation  of  a  knife 
switch  by  the  men  stationed  in  the  tunnels  under  the  cement 
shed  and  storage  piles  and  in  the  mixer  building. 
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The  cycle  of  this  ear  was  as  follows :  First,  under  the  cement 
shed,  where  it  was  stopped,  a  charge  of  cement  let  down  from 
above,  and  the  car  started  again;  when  it  was  under  one  of  the 
hopper  valves  in  the  sand  tunnel  it  was  stopped  and  the  sand 
compartment  filled  by  gravity;  then  it  was  started  again  and 
similarly  stopped  for  its  stone  charge.  "When  started  from  there 
it  was  not  stopped  until  it  was  over  a  mixer,  where  it  was  stopped 
by  a  man  in  the  mixer  house,  discharged,  and  started  on  a  new 
cycle.    After  the  correction  of  several  serious  mechanical  defects 


Fig.  9.     Gatun  Upper  Locks,  Looking  South  from  West  Bank. 

in  these  cars,  they  did  most  excellent  work.  More  than  1,000,000 
tons  of  material  were  transported  over  this  automatic  road  in 
one  year. 

There  were  no  unusual  features  in  the  mixing  plant  except 
the  number  of  two-yard  mixers— 8  in  all ;  four  mixers  discharged 
on  one  side  of  the  building,  and  four  on  the  other.  The  locomo- 
tives hauling  mixed  concrete  to  the  cableways  were  of  the  elec- 
tric mine  type.  Pig.  8  shows  the  mixer  building,  flat  cars  with 
space  for  loaded  and  empty  buckets,  and  the  hauling  locomo- 
tives.   It  was  expected,  when  the  plant  was  being  designed,  that 
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when  form  difficulties  were  at  a  minimum,  it  would  place  as 
much  as  2200  cubic  yards  of  concrete  in  a  nine-hour  shift.  The 
unloading  and  lock  cableways,  the  mixers,  the  cement  unload- 
ing cranes,  pumps,  etc.,  were  operated  electrically.  A  detailed 
description  of  the  construction  plant  will  be  found  in  the  En- 
gineering Record  of  July  17,  1909. 

In  addition  to  the  principal  plant  as  described  above,  an 
auxiliary  plant  of  two  2-cubic-yard  mixers,  steam  driven,  was 
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Fig.  10.     Gatun  Middle   Locks,    Showing  Forms  for  Culverts. 

erected  at  the  south  end  of  the  locks.  This  plant  had  overhead 
storage  bins  for  200  cubic  yards  of  rock  and  100  cubic  yards  of 
sand,  which  materials  were  dumped  into  the  bins  directly  from 
standard-gauge  cars  which  had  been  loaded  at  the  wharf.  The 
mixed  concrete  was  hauled  to  its  destination  with  narrow-gauge' 
steam  equipment. 

This  plant  was  built  primarily  for  building  the  south  ap- 
proach and  flare  walls,  which  could  not  be  reached  by  the  cable- 
ways.  It  proved  very  useful  in  placing  the  floors  in  the  locks, 
dumping  the  concrete  directly  from  cars  into  place.     A  low 
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trestle  was  built  for  a  considerable  length  of  the  lock  floor,  and 
a  strip  of  floor  about  15  feet  wide  dumped;  then  the  track  was 
shifted  to  the  concrete,  and,  by  throwing  the  track  on  set  con- 
crete, the  entire  floor,  including  the  wall  foundation,  was  placed. 
Figure  9  shows  the  method  of  placing  concrete  in  the  lock  floors 
and  in  the  foundation  of  lock  walls,  including  enough  of  the 
18-ft.  culvert  for  tracks  to  carry  the  culvert  forms.  Figure  10 
shows  a  line  of  forms  for  connecting  the  lateral  culverts  under 
the  lock  floor  with  the  18-ft.  culvert  in  the  wall.  These  were  all 
placed  and  concreted  in  at  one  time.  The  broad-gauge  track  to 
the  left  of  these  forms  carried  a  locomotive  crane  that  excavated 
the  trenches  for  the  lateral  culverts,  loading  the  material  on  a 
standard  car  on  the  same  track.  The  material  which  had  been 
previously  blasted  was  excavated  from  all  the  trenches  in  one 
lock  simultaneously;  i.  e.,  for  one  position  of  the  loading  track 
a  length  of  about  15  feet  would  be  excavated  in  all  the  trenches, 
then  the  track  would  be  thrown.  This  process  enabled  the  floor 
to  be  placed  as  the  excavation  proceeded. 

The  concrete  for  the  north  approach  wall  was  mixed  by  the 
main  plant  and  dumped  by  the  cableways  into  a.  hopper,  from 
which  the  narrow-gauge  dump  cars,  hauled  by  steam  engines, 
were  loaded.  •  These  ears  ran  out  on  a  low  trestle  supported  on 
the  foundation  piles,  and  dumped  the  concrete  forming  the  bot- 
tom slab  of  that  structure  into  forms  on  either  side  of  the 
trestle.  Then  the  track  was  shifted  onto  set  concrete  and  the 
remainder  of  slab  dumped  directly. 

The  concrete  in  the  piers  of  this  guide  wall  was  placed  by 
locomotive  cranes  with  long  temporary  wooden  booms.  These 
cranes  could  pass  through  the  arches  in  the  piers  and  ran  on  a 
track  on  the  bottom  slab.  The  girders  for  the  spans  were  placed 
by  these  cranes.  Forms  were  suspended  from  these  girders,  a 
track  was  laid  on  the  center  girders,  narrow-gauge  steam  equip- 
ment lifted  on  to  this  track  by  the  cableways  and  the  concrete 
for  encasing  girders  and  making  roadway  was  dumped  directly 
from  the  cars,  which  took  their  concrete  from  a  hopper  supplied 
by  the  cableways.  (See  Fig.  11.) 
Construction  of  South  Guide  Wall. 

A  large  part  of  the  south  guide  wall  was  founded  on  piles. 
The  depth  to  rock  was  so  great  that  piles  could  not  be  driven  to 
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it,  and  the  underlying  material  was  such  that  settlement  was  ex- 
pected. The  wall  was  cellular  and  built  of  reinforced  concrete, 
and  was  of  as  light  construction  as  practicable.  A  heavy  rein- 
forced slab  of  concrete  encased  the  heads  of  the  piles.  The  foun- 
dation slab  and  the  superstructure  were  built  in  60-ft.  lengths, 
these  sections  being  free  to  settle  independently.  Holes  were  left 
in  the  bottom  slab,  so  that  the  cells  could  fill  with  water  when 


Fig.  11.     Construction  of  Guard  Wall  at  North  Entrance  of  Gatun  Lower  Locks. 

the  lake  should  rise ;  these  cells  were  rectangular  and  about  13  ft. 
by  16  ft.  in  section. 

The  construction  plan  was  to  build  the  wall  to  a  certain 
height  for  its  entire  length,  then  complete  it. 

Settlement  soon  began  and  was  not  uniform  in  character; 
the  wall  showed  a  tendency  to  lean  to  the  east,  which  leaning  in- 
creased until  it  demanded  a  remedy,  and  that  before  the  top 
section  of  wall  was  built.  The  remedy  adopted  consisted  in 
closing  the  holes  in  the  foundation  slab  under  the  cells  or  rooms 
along  the  western  edge  of  the  guide  wall,  then  pumping  water 
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into  these  cells  until  the  extra  load  on  the  west  side  caused  the 
settlement  to  be  uniform  east  and  west. 

The  amount  of  settlement  during  the  early  construction 
work  led  to  the  fear  that  the  wall  might  settle  several  feet  at  one 
time,  the  ground  on  either  side  bulging  up,  thus  making  room 
for  such  a  settlement.  In  order  to  guard  against  this,  the 
ground  on  both  sides  of  the  foundation,  for  a  width  of  several 
hundred  feet,  was  raised  by  hydraulic  dredges  so  as  to  counter- 
balance the  weight  of  the  wall.  No  abrupt  settlement  occurred 
and  the  wall  was  finally  completed. 

It  was  first  thought  that  the  settlement  would  grow  less  as 
the  lake  rose,  submerging  the  guide  wall,  which  may  have  been 
true  in  so  far  as  the  relative  elevations  of  bottom  of  wall  and 
surrounding  ground  were  concerned,  but  the  settlement  as  shown 
by  the  elevation  of  the  top  of  wall  did  not  decrease,  but  showed 
a  tendency  to  increase  until  the  lake  reached  its  full  height,  in- 
dicating that  the  weight  of  the  water  probably  compressed 
slightly  the  entire  lake  bottom  in  that  vicinity. 

The  wall  was  built  to  full  height,  but  not  finished.  The 
reinforcing  rods  were  left  so  that  additions  could  be  made  if 
necessary  to  level  up  the  top  after  settlement  should  be  com- 
plete. 

CONSTRUCTION  OF  GATUN  DAM. 

Dam  Sections. 

The  dam,  between  the  locks  and  the  range  of  hills  on  the 
west  side  of  the  valley,  is  8200  feet  long,  including  a  hill  in  the 
center  of  the  valley  called  "Spillway  Hill",  and  is  composed  of 
three  parts :  the  earthen  dam  across  the  east  valley  between  the 
locks  and  Spillway  Hill,  the  masonry  spillway  dam  across  a  cut 
made  through  Spillway  Hill,  and  an  earthern  dam  extending 
from  Spillway  Hill  to  range  of  hills  on  the  west  side  of  valley. 
(See  Plate  I.) 

Plate  XIII,  Fig.  1,  shows  the  section  of  earthen  dam  pro- 
posed for  Gatun  Dam  in  the  minority  report  of  the  International 
Consulting  Board.  This  board  did  not  have  time  to  investigate 
the  bearing  capacity  of  the  material  on  which  the  dam  was  to 
be  built,  and  the  section  recommended  presupposed  foundation 
material  that  would  carry  safely  an  earthen  fill  135  feet  high, 
with  a  1  on  3  slope  on  one  face.    The  1  on  25  slope  on  the  other 
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face  was  for  the  purpose,  it  is  understood,  of  keeping  the  hydrau- 
lic grade  line  well  below  the  surface,  and  as  an  extra  factor  of 
safety. 

From  the  character  of  the  material  under  the  dam,  as  shown 
by  borings,  and  the  excessive  amount  of  clay  in  the  material 
available  for  the  hydraulic  fill  in  the  center  of  the  dam,  two 
conclusions  were  tentatively  reached :  first,  that  a  hydraulic  fill 
made  of  the  material  available  could  not  be  maintained  on  a  1  on 
3  slope;  and,  second,  that  the  material  underlying  the  dam  was 
soft,  and  consequently  had  very  little  bearing  capacity. 

The  first  step  toward  the  section  actually  followed  in  build- 
ing the  Gatun  Dam  was  the  proposition  to  build  the  rock  fill  as 
shown  in  Plate  XIII,  Fig.  2,  thus  making  it  practicable  to  flatten 
the  lake  face  slope  to  1  on  5,  at  which  slope  it  was  thought  a 
hydraulic  fill  could  be  built  with  available  material.  Experience 
gained  on  other  parts  of  the  canal  sobn  led  to  the  thought  that  the 
controlling  element  in  determining  the  section  of  the  Gatun  Dam 
was  the  bearing  capacity  of  the  material  underneath  the  dam. 
To  meet  this  condition,  it  was  planned  to  extend  the  rock  fill  on 
the  south  face,  as  shown  on  Plate  XIII,  Fig.  2.  This  change  was 
approved  in  September,  1907.  While  this  section  maintained  the 
1  on  25  slope  of  original  section,  the  need  of  it  was  never  ap- 
parent, and  authority  was  later  obtained  to  change  the  slope  of 
the  north  face  to  about  1  on  10. 

As  the  work  proceeded,  it  became  more  and  more  apparent 
that  the  bearing  capacity  of  the  material  under  the  dam  was 
the  factor  that  would  control  the  slopes  where  the  dam  crossed 
the  deep  gorges,  and  the  need  of  building  the  dam  50  feet 
higher  than  the  lake  level  was  questioned.  An  excess  of  height 
.  simply  added  weight  on  a  poor  foundation.  The  writer  sub- 
mitted on  January  3,  1908,  two  sections  for  the  Gatun  Dam, 
Plate  XIV,  Fig.  2,  and  Plate  XIV,  Fig.  3,  and  expressed  a 
preference  for  Plate  XIV,  Fig.  3.  The  construction  of  the  dam 
to  January,  1908,  had  been  in  accord  with  these  sections,  the 
variations  from  the  section  shown  in  Plate  XIII,  Fig.  2,  having 
been  previously  approved  in  detail.  Plate  XIV,  Fig.  3,  approxi- 
mated as  closely  as  it  was  practicable,  on  account  of  work 
already  done,  to  a  dam  with  uniform  slopes  on  both  sides,  which 
is  thought  to  be  the  best  section  for  an  earthen  structure  built 
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on  soft  material,  thus  making  no  violent  changes  in  the  loading 
on  any  part  of  the  foundation.  These  sections  were  submitted 
to  a  Board  of  Consulting  Engineers,  which  Board  recommended 
the  section  shown  on  Plate  XIV,  Fig.  1.  The  height  of  the  dam 
was  a  compromise  between  the  two  sections  submitted,  and  was  20 
feet  lower  than  proposed  in  the  Minority  Report,  International 
Consulting  Board,  and  10  feet  higher  than  shown  in  Plate  XIV, 
Pig.  3.  The  north  slope  was  the  same  as  in  Plate  XIV,  Fig.  3, 
to  +  95,  with  four  different  grades  on  the  south  slope.  The  top 
15  feet  of  the  proposed  section  was  rock. 

Experience  as  to  settlements  and  slides,  as  the  work  pro- 
gressed, showed  that  the  section  shown  on  Plate  XIV,  Fig.  3,  was 
best  suited  to  the  locality;  and  that  part  of  the  dam  across 
deep  gorges  was  built  practically  with  that  section ;  the  core  of 
the  dam  was  made  of  hydraulic  fill  to  -f-  90,  and  of  red  clay 
from  there  to  the  top.  The  settlement  of  the  dam  where  it 
crossed  the  deep  gorge  on  the  west  half,  due  to  consolidation 
in  the  dam  itself  and  the  material  under  it  when  the  red  clay 
fill  was  placed  on  the  hydraulic  fill,  showed  the  wisdom  of 
carrying  the  core  to  the  top  of  the  dam  with  impermeable  ma- 
terial, as  shown  on  Plate  XIV,  Fig.  3.  Otherwise,  the  rock 
fill  would  have  been  below  the  lake  level  in  places.  This  sec- 
tion was  varied  in  the  far  west  part  of  the  dam,  where  the 
underlying  material  was  harder,  and  the  construction  of  that 
part  of  the  dam  was  started  with  slopes  of  1  on  5. 
Tests  of  Material  Available  for  Dam  Construction  and  of  Ma- 
terial Underlying  Dam. 

While  those  members  of  the  International  Board  of  Con- 
sulting Engineers  who  had  recommended  a  lock  canal  had  made 
sufficient  investigations  to  satisfy  themselves  that  it  was  prac- 
ticable to  build  a  stable  and  satisfactory  dam  across  the  Chagres 
Valley  at  Gatun,  it  was  determined,  as  an  extra  precaution  and 
as  a  matter  of  record,  to  make  a  series  of  experiments  similar 
to  those  made  at  Clinton,  Mass.,  for  the  Metropolitan  Water 
Works,  as  well  as  exhaustive  tests  of  the  material  underlying 
the  dam.  The  building  of  the  dam  proceeded,  however,  in 
accordance  with  previously  approved  plans,  while  these  tests 
and  experiments  were  being  made. 

The  first-named  experiment  involved  the  building  of  two 

Digitized  by  Microsoft® 


410  GATUN  LOCKS,  DAM  AND  SPILLWAY 

experimental  dams,  with  slopes  and  dimensions  similar  to  those 
of  the  proposed  dam,  on  a  one-twelfth  scale,  utilizing  similar 
material  and  placing  it  by  the  hydraulic  method.  Each  experi- 
mental dam  was  subjected  to  a  head  corresponding  to  its  scale. 
Seepage  and  saturation  tests  were  made.  Samples  of  materials 
were  taken  from  the  experimental  dams  as  actually  built,  and 
mechanically  analyzed.  In  the  first  experimental  dam  built  the 
material  was  all  pumped  in  from  the  down-stream  edge,  allow- 
ing it  to  grade  itself,  the  finer  material  being  on  the  lake  slope. 
In  the  second,  the  material  was  pumped  from  both  sides,  the 
finer  material  naturally  being  deposited  in  the  center  of  the 
dam.  Both  experimental  dams  proved  that  material  was  avail- 
able for  building  a  dam  relatively  impermeable.  The  details 
of  this  work  are  on  record  in  the  Annual  Report  of  the  Isth- 
mian Canal  Commission,  1908-1909. 

Tests  of  Material  Underlying  the  Dam.  Thorough  investi- 
gations were  also  made  by  borings  (obtaining  drive  samples) 
and  by  test  pits,  with  a  view  to  determining  the  character  and 
water-tightness  of  the  material  underlying  the  dam.  A  test 
pit  was  dug  in  the  east  half  of  the  dam  site  to  a  depth  of 
about  80  feet  below  sea-level,  the  seepage  into  this  pit  deter- 
mined, and  the  material  actually  encountered  compared  with 
the  materials  found  in  the  borings  made  in  the  two  gorges 
crossed  by  the  Gatun  Dam.  From  these  examinations  the  con- 
clusion was  drawn  that  the  material  underlying  the  Gatun  Dam 
was  relatively  impermeable.  A  test  pit  was  sunk  into  the  rock 
on  Spillway  Hill  to  about  33  feet  below  sea-level,  for  the  pur- 
pose of  determining  accurately  the  character  of  rock  on  which 
the  masonry  spillway  dam  would  rest.  Pumping  out  this  pit 
and  afterwards  filling  it  to  30  feet  above  sea-level  from  the 
water  supply  system  at  Gatun,  and  observing  the  loss  of  water 
through  crevices  under  a  30-foot  head,  furnished  data  as  to  the 
water-carrying  capacity  of  the  crevices  in  the  rock.  This  was 
for  use  in  determining  the  cut-off  walls  necessary  and  the  drain- 
age below  the  spillway  dam,  so  as  to  protect  the  floor  of  the 
spillway  channel  from  upward  pressure.  The  experiments  re- 
sulted in  covering  all  exposed  rock  in  Spillway  Hill  above  the 
dam  with  concrete  or  a  blanket  of  clay,  thus  preventing  the 
lake  water  from  coming  in  contact  with  such  rock. 
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As  stated  before,  the  construction  of  the  dam  was  in  the 
meantime  proceeding.  The  rock  fill  on  the  south  toe  was  fol- 
lowing the  section  on  Plate  XIII,  Fig.  2,  and  that  on  the  north 
toe  on  Plate  XIV,  Fig.  2,  authority  having  been  previously 
obtained  to  drop  the  north  slope  30  feet  at  the  60-foot  contour 
of  the  original  Consulting  Board  section. 

An  examination  of  Plate  I  will  show  that  the  Chagres  River, 
when  dam  building  commenced  at  Gatun,  was  flowing  through 
three  channels  to  the  sea,  viz.,  its  own,  the  old  French  canal, 


Fig.  12.     Closing  of  the  Chagres  River  at  Gatun,  Aug.  10,  1907. 

and  the  West  Diversion — the  latter,  a  channel  dug  by  the 
French  in  the  attempt  to  carry  out  their  plan  which  contem- 
plated a  dam  at  Bohio,  ten  miles  further  up  the  valley.  As  soon 
as  the  dam  site  was  cleared,  shovels  were  started  cutting  a 
channel  through  Spillway  Hill,  and  the  Chagres  was  shut  out 
of  its  own  channel  and  the  old  French  canal.  This  enabled 
work  to  start  on  the  east  half  of  the  dam.  The  first  work  was 
to  clean  out  thoroughly,  by  suction  dredges,  the  old  river  and 
canal  beds  within  the  dam  site;  to  make  a  steam-shovel  cut 
about  20  feet  wide  and  15  feet  deep  along  the  axis  of  the  dam ; 
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and  to  remove,  by  steam  shovel,  the  top  surface  of  the  dam  site 
to  a  depth  of  two  or  three  feet  for  a  width  of  about  400  feet 
on  either  side  of  the  axis.  The  stumps  had  previously  been 
blown  up  and  removed.  The  central  ditch  and  surface  cleaning 
were  carried  up  the  side  of  Spillway  Hill  with  reduced  widths. 
Banks  of  old  streams  were  flattened,  and  every  precaution 
taken  to  prevent  the  existence  of  planes  along  which  water 


Fig.  13.     Discharge  Pipe  from  Dredges  Placing  Hydraulic  Fill  in  West  Section  of 

Cratun  Dam. 

might  travel.    The  surface  of  the  cleaned  ground  along  the  axis 
of  the  dam  was  broken  up  by  picks,  or  ploughed. 

The  general  construction  plan  for  the  Gatun  Dam  was  to 
drive  a  trestle  approximately  along  the  30-foot  contour  on  each 
slope,  fill  this  trestle  with  rock  and  complete  the  slopes  away 
from  the  center  with  permeable  fill,  rock,  etc.,  from  the  canal 
excavation.  The  rock  fill  on  the  south  side  of  the  east  half  of 
the  dam  was  carried  to  +  60,  as  shown  on  Plate  XIV,  Pig.  3, 
before  the  hydraulic  fill  had  progressed  to  any  appreciable  ex- 
tent, except  in  the  stream  beds.    Between  the  fills  thus  made 


Digitized  by  Microsoft® 


GATUN  LOCKS,  DAM  AND  SPILLWAY  413 

and  extended,  the  central  part  of  the  dam  was  built  by  suction 
dredges.  After  a  slide  at  the  Necaxa  Dam  in  Mexico,  an 
effort  was  made  to  increase  the  relative  amount  of  dry  fill  in 
the  dam.  The  exact  ratio  of  dry  to  wet  fill  as  determined  by 
borings  is  shown  on  Plate  X.  Both  dry  and  wet  fill  were  placed 
at  the  same  time,  and  the  dry  fill  of  course  overlapped  the  wet 
as  it  was  pushed  toward  the  center.  The  face  of  this  dry  fill 
was  kept  as  high  as  practicable  and  depended  on  the  rate  of 
delivery  of  the  two  classes  of  material,  as  well  as  upon  the 
bearing  capacity  of  the  underlying  hydraulic  fill.  An  effort 
was  made  to  overlap  the  wet  fill  with  a  face  of  dry  fill  from 
10  to  15  feet  high.  The  weight  of  this  material  with  trains  run- 
ning over  would  either  compact  the  underlying  wet  fill  or  force 
it  to  the  center,  where  the  softest  of  it  could  be  wasted  through 
the  drain  pipes.  Figs.  12  and  13  show  dam  under  construction. 
Drain  Pipes. 

The  surplus  water  was  taken  off  through  20-inch  pipes. 
These  pipes  were  brought  into  the  ponds,  existing  between  the 
banks  of  dry  fill,  in  various  ways.  Figure  14  shows  the  gen- 
eral method  followed.  After  a  drainage  system  was  once 
installed,  additions  in  short  lengths  were  made  to  the 
vertical  part  of  drain  pipe  as  the  hydraulic  fill  increased  in 
height.  By  this  means  the  depth  of  the  pond  was  entirely  under 
the  control  of  the  construction  force.  If  the  material  being  de- 
livered by  the  dredge  contained  too  much  clay  for  proper  and 
quick  consolidation,  the  depth  of  the  pond  could  be  decreased, 
or  it  could  be  increased  and  all  the  material  saved  in  the  dam. 

Generally  speaking,  the  material  available  for  building  the 
Gatun  Dam  had  too  large  a  proportion  of  clay,  which  necessi- 
tated wasting  through  the  drain  pipes  a  large  percent  of  the 
output  of  the  dredges.  The  material  kept  in  the  dam  could  not 
be  maintained  ordinarily  on  a  1  on  5  slope  in  a  wet  state.  How- 
ever, flatter  slopes  than  1  on  5  were  necessary  across  the  deep 
gorges,  on  account  of  the  character  of  the  underlying  material. 

In  placing  the  hydraulic  fill  in  the  dam,  relay  pumps  were 
inserted  in  the  line,  when  the  distance  or  lift  or  both  demanded 
it.  Material  was  transported  in  this  way  as  far  as  two  miles 
and  lifted  100  feet,  two  relays  being  used.  Plate  XI  shows  a 
typical  arrangement  of  the  discharge  sections  and  the  delivery 
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lines  from  the  dredges.     The  discharge  sections  were  shifted 
continuously.    Figure  13  shows  the  typical  condition  of  dry  fill 
overlapping  the  wet,  consolidating  it  and  retaining  it. 
Slides  in  the  Gatun  Dam. 

"Where  the  rock  on  the  south  toe  crossed  the  old  French 
canal,  slides  toward  the  center  of  the  dam  occurred,  and  fur- 
nished the  first  actual  experience  as  to  the  bearing  capacity  of 
material  under  the  dam.  There  were  five  slides  of  this  rock, 
due  to  the  movement  of  the  underlying  material  in  the  bottom 
of  the  old  French  canal.  Figure  15  shows  these  slides.  In  order 
to  bring  this  rock  to  elevation  60  without  slides  forcing  the 
rock  to  near  the  center  of  the  dam,  it  was  necessary  to  bench 

|| II || 


Fig.  14.     General  Method  of  Draining  Hydraulic  Fill. 

such  fill  in  the  manner  shown  on  Plate  XIV,  Fig.  3,  which  ac- 
counts for  the  usual  shape  of  the  rock  section. 

Until  the  dam  was  nearly  its  full  height,  all  other  slides 
were  local  and  confined  to  relatively  small  areas  of  dry  fill, 
sliding  toward  the  axis  into  the  wet  fill.  While  these  were 
many  and  troublesome,  and  often  resulted  in  cars  going  into 
the  wet  fill,  this  was  expected,  and  the  chance  of  such  accident 
was  of  necessity  taken  in  consolidating  the  hydraulic  fill.  (See 
Fig.  16.) 

When  the  dam  section  east  of  the  spillway  was  nearing 
its  final  height,  a  subsidence  occurred  at  the  top,  and  both  slopes 
moved  from  the  center  outward,  involving  a  length  of  about 
1000  feet  of  dam  built  over  the  softest  part  of  the  dam  founda- 
tion^that  lying  between  the  old  French  canal  and  Spillway 
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Hill.  The  movement  was  greater  to  the  north  than  to  the 
south.  Plate  XII  shows  both  the  lateral  and  vertical  move- 
ments on  the  several  contours  indicated.  Lines  of  hubs  had 
previously  been  established  on  these  contours.  Hub  No.  6  on 
the  +  60  line  moved  15.2  ft.  north  and  was  lifted  1.13  ft.  The 
subsidence  at  the  crest  or  the  movements  near  there  were  not 
determined.  The  north  slope  of  the  dam  was  then  being  built 
with  a  slope  of  1  on  16  from  30-  to  60-ft.  contours,  and  with  a 
1  on  8  slope  from  the  60-  to  the  90-ft.  contours,  following  the 
slopes  on  Plate  XIV,  Pig.  1. 


Tig.  15.     Slipping  of  South  Toe  of  Gatun  Dam,  Nov.  21,  1908. 

Exhaustive  examinations  were  made  by  borings  through 
the  section  of  the  dam  affected,  the  holes  being  cased  throughout 
with  2%-inch  pipe.  These  borings  were  carried  to  rock.  Prom 
time  to  time  the  casing  was  filled  with  water  and  the  rate  of 
lowering  recorded.  Drive  samples  of  the  materials  in  and 
under  the  dam  were  taken  when  the  character  of  the  materials 
changed;  otherwise,  at  regular  intervals.  In  addition,  record 
was  kept  of  the  number  of  blows  necessary  for  a  100-pound 
weight,  falling  three  feet,  to  drive  the  core  barrel,  hanging  free 
within  a  casing,  one  foot  and  two  feet  into  the  material  at  the 
various  depths.  These  bore  holes  were  washed  down  a  certain 
distance,  the  operation  stopped,  then  the  driving  test  made  and 

Digitized  by  Microsoft® 


416 


GATUN  LOCKS,  DAM  AND  SPILLWAY 


the  core  sample  taken.  That  portion  of  sample  affected  by 
wash-water  was  rejected.  Plate  X,  herewith,  shows  the  result 
of  these  explorations,  and  indicates  that  the  material  under 
the  dam  was  softer  than  in  it,  after  the  latter  had  had  time  to 
consolidate.  From  the  record  of  these  borings  and  from  the 
fact  that  there  was  no  hydraulic  fill  under  that  part  of  the 
south  slope  that  moved,  the  writer  drew  the  conclusion  that 
the  movement  involved  material  under  the  dam.  The  slope 
from  the  dam  into  the  Spillway  cut,  south  of  Spillway  site,  was 
quite  steep,  and  a  pile  bridge  across  that  cut  was  shortened 


Fig.  16.     Slide  of  Dry  Fill  toward  Wet  Fill,  Gratun  Dam. 

seven  inches  during  the  movement.  Steps  were  immediately 
taken  to  lessen  this  slope,  and  it  was  then  decided  to  adopt  the 
uniform  slope  on  the  north  face  of  the  dam  and  build  up  the 
swamp  area  north  of  the  dam  proper.  After  these  steps,  no 
further  sliding  occurred  in  this  part  of  the  dam. 

The  next  slide  was  on  the  south  face  of  the  west  half,  where 
the  same  overlaps  some  low  hills  that  put  out  from  the  main 
range  paralleling  the  valley.  The  slope  here  had  been  reduced 
to  1  on  5  on  account  of  the  dam  foundation  being  thought  se- 
cure, the  slope  of  1  on  5  being  considered  sufficient  to  maintain 
the  hydraulic  fill.  Since  this  slide  was  accompanied  with  a 
bulging  up  of  the  lake  bottom  south  of  the  dam,  it  was  consid- 
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Plate  IX.     Ctoneral  Plan  Snowing  Material  Handling  Plant  for  Construction  of  Qatnn  Locks. 
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Plate  X.     Classification  of  Materials  in  Wash  Drill  Borings,  Oatun  Dam. 
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ered  as  originating  in  the  clay  covering  of  the  hill  side,  there 
being  very  little  lateral  resistance  in  the  material  in  the  flat 
immediately  south  of  the  foot  of  the  hill.  This  movement 
caused  the  slope  in  this  part  of  the  dam  to  be  flattened  to  about 
1  on  8,  in  addition  to  building  up  the  ground  by  suction  dredge 
south  of  this  part  of  the  dam  to  prevent  bulging.  Decision 
was  also  reached,  at  the  same  time,  to  flatten  the  corresponding 
slopes  on  the  north  face  of  this  part  of  the  dam. 

This  work,  however,  had  only  been  started  when,  on  Au- 
gust 28,  1912,  a  slide  on  that  face  occurred,  the  crest  of  the 
dam  dropping  about  20  feet  for  a  length  of  about  800  feet. 
Plate  XV  shows  in  section  the  extent  of  this  movement.  The 
conclusion  was  reached  that  this  slide  probably  had  its  origin 
in  the  hydraulic  fill  itself,  showing  that  a  slope  of  1  on  5  was 
too  steep  for  a  hydraulic  fill  made  of  a  material  containing  so 
large  a  proportion  of  clay  as  that  available  for  the  construction 
of  Gatun  Dam.  The  toe  of  the  dam  was  immediately  pushed 
to  the  north  with  a  rock  fill  and  the  slope  flattened  to  1  on  8. 

The  most  trying  conditions  in  a  hydraulic-fill  dam  are  dur- 
ing construction,  when  everything  is  lubricated.  After  such 
a  dam  has  been  built,  its  factor  of  safety  increases  rapidly  as 
it  dries  out.  Longitudinal  sections  of  the  Gatun  Dam  along 
its  axis  were  made  after  its  completion,  drive  samples  taken, 
and  the  driving  tests  previously  described  made;  the  results 
show  a  continual  compacting  of  the  material  under  and  in  the 
dam,  the  original  ground  surface  being  found  in  places  fifteen 
or  more  feet  below  its  original  position.  This,  of  course,  re- 
sulted in  lowering  the  crest,  which  was  later  brought  to  grade. 
The  settlement  was  quite  rapid  immediately  after  the  dam  was 
brought  to  full  height,  but  gradually  diminished.  Plate  XVI 
shows  the  result  of  explorations  made  on  a  section  of  the  Gatun 
Dam  where  it  crossed  the  ancient  deep  gorge  west  of  Spillway 
Hill. 

CONSTRUCTION   OF   THE   SPILLWAY   AND   DIVERSION   OP   THE 

CHAGEES. 

Barring  the  assertion  of  the  Chagres  on  one  occasion  of  its 
pristine  right  to  go  where  it  pleased  during  floods,  and  its  elec- 
tion to  pass  through  the  Spillway  cut  when  it  was  not  expected, 
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the  excavation  for  the  site  for  the  Spillway  Dam  and  channel 
was  attended  with  no  unusual  difficulty.  These  structures  are 
founded  on  argillaceous  sandstone,  and  it  was  necessary  to 
cover  all  the  exposed  rock  surfaces  with  concrete,  to  protect 
them  from  scour  and  from  the  air.  It  was  also  considered  es- 
sential to  complete  the  channel  below  the  dam  and  the  founda- 
tion of  the  dam  before  the  Chagres  was  forced  into  this  channel, 
because  after  that  it  would  be  necessary  to  reckon  with  the  river 
in  completing  the  work.  The  Spillway  channel  was,  therefore, 
completed,  and  as  much  of  the  foundation  of  the  dam  placed 
as  possible ;  in  addition,  the  stubs  of  small  piers  were  built  20 
feet  apart  along  the  entire  upper  face  of  the  dam.  These  piers 
were  high  enough  for  their  tops  to  be  out  of  the  water  in  the 
dry  season.    Grooves  were  left  in  both  faces  of  the  stubs. 

The  rate  of  progress  on  the  Spillway  Dam  was  determined 
by  other  features  of  the  work,  such  as  the  completion  of  the 
upper  gates  of  Gatun  locks  and  the  completion  of  the  dry- 
excavation  in  Culebra  Cut.  "While  the  Chagres  River  was 
running  through  the  Spillway  channel,  work  was  continued  on 
both  ends  of  the  dam  during  the  dry  season,  protected  by  cof- 
ferdams practically  parallel  to  the  channel.  In  this  way  the 
two  ends  of  the  dam  were  pushed  out  to  the  300-ft.  section  left 
in  the  center  for  the  passage  of  the  Chagres.  Such  construc- 
tion was  stopped  at  elevation  +  45. 

As  soon  as  the  time  arrived  to  close  the  central  section 
of  dam,  the  plan  was  to  begin  in  the  dry  season,  build  the  piers 
to  a  height  of  35  feet,  which  was  45  feet  above  sea-level,  con- 
tinuing the  grooves  to  the  top,  then  build  a  railroad  bridge  on 
the  piers.  Three  of  these  piers  were  built  large  enough  each 
to  contain  an  8-ft.  by  18-ft.  opening,  in  which  it  was  proposed 
to  place  valves  with  operating  machinery.  These  valves  were 
borrowed  from  the  Gatun  locks,  in  order  to  take  advantage  of 
this  opportunity  to  test  their  design.  In  addition,  provision  was 
made  for  installing  and  testing  one  of  the  cylindrical  valves  in- 
tended for  the  middle  wall  of  the  locks.  It  was  calculated  that 
these  openings  would  pass  the  waters  of  the  Chagres  for  at 
least  ten  months  in  the  year,  without  allowing  Gatun  Lake  to 
rise  high  enough  to  interfere  with  this  or  other  work.  During 
the  two  months  of  greater  rainfall  it  was  planned  to  allow  the 
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flood  water  to  flow  over  an  uncompleted  part  of  the  dam  pre- 
pared for  that  purpose.  Piers  were  carried  up  so  as  to  keep  the 
valve-operating  machinery  above  any  possible  flood.  The  first 
work  of  building  the  Spillway  Dam,  after  the  piers  were  raised 
and  railroad  built,  was  undertaken  in  the  dry  season,  and  con- 
sisted in  lowering,  with  a  locomotive  crane,  heavily  weighted 
wooden  curtains  down  the  grooves  in  the  piers,  stopping  the 
flow  of  the  river  through  that  part  of  the  foundation  from  the 
east  side  out  to  include  the  three  piers  with  the  8-ft.  by  18-ft. 
openings.  A  low  coffer  was  then  built  on  the  down-stream  side 
of  this  part  of  the  foundation,  preventing  its  being  flooded  by 
backwater  from  below.  All  of  the  pier  masonry,  except  the 
extreme  southern  ends,  was  imbedded  in  the  dam,  and  the  plan 
followed  was  to  build  forms  between  the  down-stream  ends  of 
these  piers  and  dump  concrete  directly  from  cars,  filling  the 
space  between  these  and  the  timber  bulkheads  referred  to 
above.  The  space  between  piers  was,  of  course,  unwatered. 
The  concrete  in  the  ogee  below  was  dumped  from  cars  into 
chutes,  and  went  to  place  by  gravity.  As  soon  as  this  part  of 
dam  was  built  to  height  of  track  on  piers,  the  river  was  shut  off 
from  the  remainder  of  the  foundation  by  dropping  curtains  as 
before.  The  openings  through  the  piers  thereafter  carried  the 
flow  of  the  Chagres,  while  construction  work  was  in  prog- 
ress. There  were  no  water  difficulties  connected  with  plac- 
ing the  remaining  concrete.  In  order  to  build  the  piers 
and  install  the  Spillway  gates,  a  heavy  trestle,  at  +  95, 
was  continued  across  the  dam.  (See  Fig.  17.)  From  this 
trestle  two  wrecking  cranes  placed  the  Stoney  gates  forming 
the  regulating  works  of  the  dam.  These  gates  weighed  each 
about  42  tons,  were  constructed  in  the  yard,  loaded  on  a  flat 
and  hauled  on  the  dam. 

The  problem  of  building  a  water-tight  operating  tunnel 
extending  longitudinally  through  the  Spillway  Dam  was  solved 
by  the  Construction  Division  and  consisted  in  building  a  con- 
tinuous, thin,  reinforced  shell  forming  the  tunnel.  The  re- 
mainder of  dam  was  built  leaving  an  air  space  around 
the  top  and  sides  of  the  inner  shell.  The  inner  shell  was  a 
tunnel  within  a  tunnel.  The  outer  shell  could  set  without  stress- 
ing the  inner  one.    Any  leakage  through  the  outer  shell  fell  to 
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the  bottom  of  the  air  space  and  was  carried  by  drains  under  the 

inner  shell  to  drains  below.     (See  Fig.  17  of  Mr.  Schildhauer's 

paper.) 

Forcing  the  Chagres  Through  the  Spillway  Channel. 

As  stated  above,  all  the  flow  of  the  Chagres  prior  to  its 
diversion  into  the  Spillway  channel  was  through  the  channel 
west  of  Spillway  Hill.  The  stream  was  tidal,  its  bed  being 
below  sea-level,  and  the  upper  end  of  the  Spillway  channel  was 


Fig.  17.     Oatun  Spillway  Dam. 

10  feet  above  sea-level.  The  river  would,  therefore,  rise  14 
feet  before  its  normal  flow  through  the  Spillway  channel  was 
established.  It  was  expected  to  accomplish  this  diversion  in  the 
dry  season,  but  the  Spillway  channel  was  not  ready  and  the 
diversion  was  made  in  the  latter  part  of  April,  moderate  rains 
having  commenced.  The  west  diversion  was  over  the  old  de- 
pressed west  gorge  of  the  Chagres  Valley.  This  old  gorge  had 
been  filled  with  a  sea  deposit  and  the  banks  and  bed  of  the 
channel  were  mud  to  great  depths. 
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It  was  decided  to  drive  trestles  across  this  channel  on  the 
north  and  south  30-ft.  contours  of  the  Gatun  Dam  and  dump 
rock  from  these  trestles,  thus  damming  the  stream  in  two  places, 
the  idea  being  to  divide  the  fall,  created  by  the  rising  river, 
between  the  two  dams.  There  was  available  an  unlimited 
quantity  of  waste  rock  excavated  from  the  Culebra  Cut.  This 
rock  was  dumped  from  the  trains  at  and  near  the  banks  and 
gradually  worked  out  until  the  contraction  and  the  rising  river 
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Tig.  18.     Closing  West  Diversion,  Gatun  Dam. 

created  a  current.  Then  smaller  rock  was  dumped  from  the 
entire  length  of  trestle  section  and  distributed  by  the  current, 
forming  an  apron  on  the  bottom.  Dumping  was  continued, 
using  larger  and  larger  stone,  gradually  working  the  fill  out 
from  the  sides.  When  the  channels  at  both  trestles  were  about 
80  feet  wide  and  6  feet  deep,  the  current  developed  would  carry 
all  rock  through  the  trestle.  (See  Fig.  18.)  The  rains  were 
increasing,  and  it  was  decided  to  dump  above  the  south  trestle 
a  few  car-loads  of  crooked  rails,  thus  forming  an  entanglement 
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against  the  trestle  that  would  stop  the  rock  or  take  out  the 
trestle.  The  trestle  piles  had  a  rock  fill  around  them  about  18 
feet  deep.  The  trestle  cracked,  moved  slightly,  but  held  finally, 
and  the  flow  of  the  water  was  stopped  and  both  fills  were  car- 
ried up  and  widened,  forming  two  substantial-looking  dams 
across  the  west  diversion,  and  the  Chagres  rose  and  flowed 
through  the  Spillway  channel. 

The  space  between  these  two  diversion  dams  was  of  course 


Mi^^a^^m 

Fig.  19.     Slide  During  Construction  of  Gatun  Dam. 

the  site  of  the  Gatun  Dam  proper.  In  order  that  this  space 
should  be  dry,  20-inch  pipes  were  laid  under  the  north  levee 
that  continued  that  diversion  dam  across  the  valley.  This 
levee  settled  the  second  day  after  the  diversion  dams  were  fin- 
ished, the  pipes  were  mashed  and  the  drainage  stopped.  The 
space  between  the  diversion  dams  filled  with  seepage  water 
through  the  south  dam,  and  the  north  diversion  dam  spread 
itself  out  down  stream  as  shown  in  Fig.  19,  piles  with  30-  to 
40-ft.  penetration  moving  down  stream  in  almost  a  vertical 
position,  showing  that  the  movement  was  deep. 
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The  water  between  the  diversion  dams  being  suddenly  re- 
leased, the  west  bank  of  the  diversion,  where  the  south  dam 
joined  it,  caved  into  the  old  channel,  breaking  back  through 
the  trestle,  and  nearly  through  the  levee  that  was  built  in  con- 
tinuation of  the  dam  at  this  place.  Trains  were  run  out  on 
the  trestle  and  the  levee  rebuilt.  This  new  fill  caved  in  just 
as  it  was  completed,  leaving  a  lip  about  two  or  three  feet  wide 
at  the  top  as  the  only  barrier  holding  the  Chagres  out  of  the 
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20.     Operation   of  Gatun  Lock3.     Dredge   "Corozal"  Entering  West  Chamber 
Middle  Lock.    Atlantic  Entrance  in  Distance. 


west  diversion.     It  looked  as  if  the  Chagres  were  to  be  the 
winner  in  the  fight. 

It  was  feared  that  if  any  more  filling  were  attempted,  an- 
other slide  would  develop  taking  in  the  entire  levee  and  letting 
the  Chagres  through.  So  it  was  decided  to  utilize  the  suction 
dredges  on  the  south  side  of  the  Gatun  Dam  in  raising  the  lake 
bottom,  just  opposite  this  place,  above  the  water,  trusting  that 
nothing  would  happen  in  the  meantime.  About  half  an  acre  was 
thus  brought  some  feet  above  water,  providing  room  for  slides 
"to  safely  break  back.    The  diversion  dams  were  then  repaired 
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Fig.  21.     Upstream  Side  of  Gatun  Spillway  Dam. 

and  rebuilt,  and  the  last  diversion  of  the  Chagres  completed. 
Once  securely  in  the  Spillway  channel,  the  Chagres  was  under 
complete  control  thereafter,  except  during  November  and  De- 
cember, 1912,  when  it  flowed  over  a  part  of  the  incompleted 
Spillway  Dam  that  had  been  prepared  for  such  flow. 

Figures  20  and  21  show  the  completed  locks,  dam  and  spill- 
way ready  for  the  operating  force. 


Digitized  by  Microsoft® 


Paper  No.  12 
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By 
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Formerly  Division  Engineer,  Pacific  Division,  Panama   Canal 

Chief  of  Construction,  U.  S.  Eeclamation  Service 

Denver,  Colo.,  U.  S.  A. 


The  three  sets  of  duplicate  locks,  constructed  to  overcome 
the  difference  in  elevation  between  the  Pacific  Ocean  and  Gatun 
Lake,  are  in  series,  and  comprise  a  single  set  located  at  Pedro 
Miguel,  and  a  flight  of  two  sets  at  Miraflores,  as  shown  on 
Plate  I.  The  Pedro  Miguel  locks  guard  the  south  end  of  Cule- 
bra  Cut,  and  are  connected  with  the  hills  on  the  west  by  an 
earth  dam  and  to  those  on  the  east  by  a  concrete  core  wall, 
founded  on  rock  and  back-filled  with  earth  where  required;  for 
a  greater  portion  of  its  length,  however,  the  natural  surface 
is  well  above  high  water  in  the  lake.  There  are  no  regulating 
works  at  Pedro  Miguel,  regulation  of  the  lake  being  controlled 
from  Gatun;  but,  in  an  emergency  it  is  possible  to  discharge 
25,000  sec-feet  (708  cu.  m.  per  sec.)  through  the  operating  cul- 
verts. The  Miraflores  Lake  is  1.65  square  miles  (427  hectares) 
in  area,  and  covers  the  entire  distance  between  the  lock  sites. 
It  is  retained  by  the  hydraulic  fill  dam,  which  connects  the 
Miraflores  locks  with  Cocoli  Hill  on  the  west,  and  a  concrete 
dam,  equipped  with  regulating  gates,  which  extends  from  the 
locks  across  the  original  bed  of  the  Eio  Grande  to  the  eastern 
hills. 

A  definite  determination  as  to  the  methods  of  constructing 
the  above  works  was  unavoidably  postponed,  pending  an  ap- 
proval of  the  recommended  change  in  the  location  for  the  lower 
locks  from  Balboa  to  Miraflores.    Upon  the  adoption  of  the  lat- 
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ter  site,  on  December  20th,  1907,  studies  of  various  types  of  con- 
crete handling  equipment  were  immediately  begun,  and  a  report 
was  submitted  on  April  9th,  1908,  outlining  the  plant  that  was 
subsequently  worked  out  in  detail  and  installed,  with  the  ap- 
proval of  the  Chief  Engineer.  The  types  of  dams  and  regulat- 
ing works,  together  with  the  methods  of  constructing  the  same, 
were  decided  upon  at  a  later  period  and  will  be  described  in  the 
proper  order. 

CONSTEUCTION  OF  LOCKS. 

Plant. 

Prior  to  the  selection  of  Miraflores  as  the  location  of  the 
lower  locks,  an  arrangement  had  been  made  with  the  Central 
Division  to  excavate  the  Pedro  Miguel  site  to  reference  40 
feet  (12.19  m.)  above  mean  sea  level,  in  connection  with  similar 
work  in  the  south  end  of  Culebra  Cut.  In  this  way  1,071,696 
cubic  yards  (819,377  cu.  m.)  had  been  removed  at  Pedro  Miguel 
before  the  design  of  the  construction  plant  for  the  locks  was 
begun  and,  exclusive  of  the  above  quantity,  the  work  to  be  per- 
formed by  the  plant  as  estimated  at  that  time  is  shown  in  Table 
No.  1. 

TABLE  NO.  1. 
Quantities  on  Which  Design  of  Construction  Plant  Was  Based. 
Pedro  Miguel  Miraflores  Total 

Item  cu.  yds.      cu.  m.       cu.  yds.        cu.  m.         cu.  yds.        cu.  m. 

Excavation       833,200     637,003     2,027,700     1,550,229     2,860,900     2,187,232 

Concrete    745,900     570,260     1,134,000        866,972     1,879,900     1,437,232 

Dredging  1,603,700     1,226,070     1,603,700     1,226,070 

For  comparison,  the  actual  quantities  of  completed  work 
corresponding  to  the  above  estimated  quantities  are  given  in 
Table  No.  2;  the  differences  are  largely  due  to  subsequent  en- 
largements and  modifications  in  the  locks. 

TABLE  NO.  2. 
Actual  Quantities  of  Completed  Work. 

Pedro  Miguel               Miraflores  Total 

Item               cu.  yds.       cu.  m.       cu.  yds.       cu.  m.  cu.  yds.  cu.  m. 

Excavation..  1,309,267    1,001,014    2,638,563    2,017,342  3,947,830  3,018,356 

Concrete  907,175       693,591    1,479,739    1,131,366  2,386,914  1,824,957 

Dredging   642,350       491,115  642,350  491,115 

The  excavating  equipment  consisted  of  the  standard  types 
of  steam  shovels,  locomotives,  dump  cars,  and  dredges  em- 
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ployed  for  similar  work  elsewhere  on  the  Canal,  and  will  not 
be  described  here.  In  regard  to  the  concrete  handling  plant,  it 
was  manifest,  from  the  estimated  quantities  and  current  rate  of 
excavation  at  Pedro  Miguel,  that  the  greater  part  of  the 
masonry  of  these  locks  could  be  placed  before  the  excavation  at 
Mirafiores  would  be  sufficiently  advanced  to  begin  concrete 
work,  at  the  latter  point,  on  a  large  scale ;  and  that  it  would  be 
most  economical  to  select  equipment  suitable  for  constructing 
the  two  sets  of  locks  in  sequence. 

With  the  above  idea  in  mind,  and  the  additional  condition 
that  all  materials  would  be  delivered  to  the  sites  by  rail,  a  plant 
was  designed  to  comply,  as  far  as  possible,  with  the  following 
general  principles : 

1st.  The  plant  as  a  whole  must  not  only  be  adaptable  to 
both  sites,  but  of  adequate  capacity  to  concentrate  at  each,  in 
turn,  and  construct  the  entire  work  within  a  specified  period. 

2nd.  The  respective  units  to  be  designed  for  delivering  the 
aggregates  from  storage  to  mixers,  and  concrete  from  the  lat- 
ter to  the  walls,  through  the  least  number  of  intermediate  links 
and  along  the  most  direct  routes.  In  addition  they  should  be 
fitted  to  handle  the  forming,  anchorage,  reinforcement  and  ex- 
cavated material,  so  as  to  utilize  the  plant  when  not  engaged 
in  handling  concrete  and  thereby  obtain  greater  efficiency. 

3rd.  In  so  far  as  compatible  with  local  conditions  and  cost, 
the  number  of  units  should  be  such  as  to  minimize  the  effect  on 
the  capacity  of  the  whole  of  one  or  more  being  out  of  commis- 
sion, and  their  relative  disposition  should  be  such  as  to  admit 
the  substitution  of  a  workable  unit  for  a  disabled  one,  when 
the  exigencies  of  the  case  so  required. 

4th.  The  first  cost  to  be  within  reasonable  limits,  and  a  care- 
ful study  made  of  methods  and  details  affecting  operating  costs. 

5th.  Finally,  as  the  estimated  amount  of  concrete  to  be 
placed  at  Mirafiores  was  approximately  one  and  a  half  times  the 
amount  for  Pedro  Miguel,  the  question  of  economical  handling 
should  have  greater  weight  at  the  former  site. 

Comparative  estimates  indicated  that  large  storage  facili- 
ties at  the  lock  sites  would  provide  insurance  against  accidents 
and  delays  in  the  delivery  of  materials  more  effectively  and 
economically  than  the  requisite  additions  or  duplications  to 
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the  producing  plant  and  transportation  equipment.  This  hav- 
ing been  demonstrated,  it  followed  that,  from  properly  dis- 
tributed storage,  the  aggregates  could  be  conveyed  through 
movable  mixers  to  the  walls  with  less  handling  and  more  di- 
rectly, than  through  one  or  more  stationary  mixing  plants  of 
equal  capacity.  It  was  also  apparent  that,  where  possible,  it 
would  be  of  material  advantage  to  place  the  storage  and  hand- 
ling units  in  rear  of  and  close  to  each  side  wall,  and  thereby 
minimize  the  distance  and  time  of  handling  the  larger  percent- 
age of  concrete. 

The  plant  selected  was  composed  of  the  following  elements, 
which  served  both  Pedro  Miguel  and  Miraflores,  though  the 
handling  units  were  differently  combined  for  the  respective 
sites  as  described  hereafter: 

Producing  Plant. — (1)     Stone  quarrying  and  crushing  plant 

(2)  Sand  dredging  and  handling  equipment 

(3)  Transportation  equipment 

(4)  Cement  storage 

(5)  Power-house 

Handling    Plant. — (1)     Berm    cranes   for   handling   aggregates, 
mixing  and  placing  concrete 
•  (2)     Chamber  cranes  for  placing  concrete 

(3)  Auxiliary  mixing  plants 

(4)  Narrow-gauge   railway  for   transporting 

concrete 

(5)  Storage  trestles  for  sand  and  stone. 

PKODUCING  PLANT. 

Quarrying  and  Crushing  Plant. 

Pour  promising  locations  for  a  quarry  were  investigated: 
viz.,  Cocoli,  Corozal,  Sosa,  and  Aneon  hills.  The  first  two  had 
the  advantage  of  being  in  the  immediate  vicinity  of  Miraflores. 
The  stone  in  Corozal  Hill  was  found  to  be  unsuitable,  and  com- 
parative estimates  for  developing  and  operating  quarries  at 
Cocoli,  Sosa,  and  Ancon  gave  results  decidedly  favorable  to 
Ancon,  mainly  because  of  the  large  amount  of  overburden  at 
the  former  sites.  Another  consideration  which  led  to  the  selec- 
tion of  Ancon  was  that  the  rock  was  exposed,  in  a  number  of 
small  quarries,  on  three  sides  of  the  hill,  and  these,  in  connec- 
tion with  numerous  test  pits,  showed  conclusively  that  there 
was  ample  rock  of  good  quality  and  so  stratified  as  to  break 
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up  into  sizes  suitable  for  economical  handling  and  crushing. 
The  relative  locations  of  the  locks  and  Ancon  Hill  are  shown  on 
Plate  I.  The  quarry  was  located  on  the  southwest  point  of  the 
hill,  as  may  be  seen  from  Plate  II.  The  top  of  the  hill  is  650 
feet  (198.1  m.)  above  mean  tide,  while  the  adjacent  flats,  on 
which  the  tracks  leading  to  points  of  delivery  were  laid,  is  20 
feet  (6.09  m.).  Below  reference  175  feet  (53.3  m.)  the  face  of 
the  hill  is  irregular  and  the  rock  is  covered  to  a  considerable 


Fig.  1.     General  View  of  Ancon  Quarry. 

depth  with  earth ;  above  that  elevation  the  slope  is  regular  and 
there  was  a  comparatively  small  depth  of  stripping.  The  quarry 
floor  and  crusher  shed  were  accordingly  fixed  at.  reference  175  feet 
(53.3  m.)  as  the  data  obtained  indicated  that  the  estimated 
quantity  of  stone  required,  viz.,  2,000,000  cubic  yards  (1,529,- 
118  cu.  m.),  could  be  obtained  between  this  elevation  and  400 
feet  (121.9  m.)  and  within  the  area  shown  on  Plate  II;  the  face 
was  divided  into  three  lifts  connected  by  switch  backs,  as  shown 
on  the  drawing  and  Pig.  1.  The  stone  was  loaded  and  trans- 
ported to  the  erushers  by  means  of  standard  steamshovels,  loco- 
motives and  cars  of  5-feet  (1.52  m.)  gauge;  those  employed  in 
the  quarry  were  run  over  the  operating  tracks  to  the  stone  bins 
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at  elevation  70  feet  (21.3  m.),  and  from  there  hauled  up  an 
inclined  track  about  600  feet  (182.8  m.)  long,  with  a  gradient 
of  18  per  cent,  to  the  quarry  floor  level,  by  means  of  a  Lidger- 
wood  unloading  machine,  anchored  at  the  top  of  the  incline.  A 
five-track  yard  was  established  on  the  175-foot  (53.3  m.)  level 
of  sufficient  capacity  to  facilitate  delivering  stone  to  the  crush- 
ers and  provide  tracks  for  storage,  hostling,  and  repairs,  a 
small  machine  shop  being  equipped  for  the  last  purpose. 

The  crushing  plant  was  electrically  driven,  and  consisted 
of  a  No.  12  and  four  No.  6  McCully  gyratory  crushers,  installed 
as  shown  on  Plate  III.  Stone  was  dumped  from  the  cars  direct- 
ly into  the  No.  12,  which  was  capable  of  taking  sizes  up  to  36 
by  60  inches  (91.44  by  152.4  cm.)  and  reducing  them  to  5 
inches  (12.7  cm.)  or  less  in  size.  The  product  of  the  No.  12 
was  discharged  into  a  revolving  screen  designed  to  pass  2%- 
inch  (6.35  cm.)  stone.  The  oversizes  were  discharged  from  the 
lower  end  of  the  screen  into  the  four  No.  6  crushers  for  fur- 
ther reduction.  The  product  of  the  screen  and  small  crushers 
was  carried  through  chutes  to  a  horizontal  36-inch  (91.44  cm.) 
belt  conveyor,  and  conveyed  212  feet  (64.6  m.)  to  the  north  end 
of  the  storage  bi,ns,  where  it  dropped  on  to  a  second  belt  con- 
veyor of  the  same  size,  which  distributed  the  stone  evenly  along 
the  length  of  the  bins,  or  at  such  points  as  desired,  by  means 
of  an  automatic  tripping  device.  A  dust  screen  was  not  con- 
sidered necessary  when  the  plant  was  installed,  but  as  work 
progressed  it  was  found  advisable  to  insert  one  between  the  two 
conveyors;  the  dust  and  fines  were  discharged  into  a  pocket 
formed  at  the  north  end  of  the  bin,  by  constructing  a  bulk- 
head, and  were  utilized  for  highway  and  other  work.  The  stor- 
age bin  held  1750  cubic  yards  (1338  cu.  m.)  and  was  made  up 
of  a  strongly  braced  rectangular  wooden  bin  143  by  16  by  21 
feet  (43.5  by  4.87  by  6.4  meters)  high,  resting  on  a  reinforced- 
concrete  sub-structure,  consisting  of  a  floor  slab,  supported  by 
columns  of  the  proper  height  to  give  clearance  for  a  locomotive 
on  the  loading  track  immediately  under  the  bin.  Trains  were 
loaded  by  gravity,  through  twelve  hand-operated  chutes  lo- 
cated a  car  length  apart  in  the  floor  of  the  bin,  so  that  the 
cars  in  a  train  could  be  loaded  simultaneously.  The  plant  was 
practically  ready  for  operation  in  October,   1909,   when  an 
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earth  slide,  involving  about  40,000  cubic  yards  (30,584  cu.  m.), 
occurred  immediately  below  the  crusher  house ;  the  latter  being 
founded  on  solid  rock  was  not  disturbed,  but  a  portion  of  the 
foundation  of  a  concrete  retaining  wall  on  the  north  side  of 
the  house  gave  way,  and  the  wall  had  to  be  removed.  The  con- 
veyor connecting  the  crushers  and  bin  and  a  portion  of  the 
incline  leading  to  the  quarry-floor  level  were  carried  away; 
the  bin  was  seriously  threatened,  but  fortunately  was  saved 
without  injury.  Removing  the  slide  and  repairing  the  damage 
delayed  the  beginning  of  operation  until  February  10th,  1910. 
In  working  the  quarry,  45  percent  dynamite  was  used,  the 
drilling  being  done  with  air-driven  well  and  tripod  drills.  The 
former  were  used  for  drilling  deep,  vertical  holes,  usually  about 
20  feet  (6.1  m.)  back  of  and  running  the  full  depth  of  the  face, 
while  the  latter  drilled  corresponding  horizontal  holes  in  the 
toe  of  the  face  to  the  depth  of  approximately  20  feet  (6.1  m.) ; 
the  longitudinal  distance  between  the  holes  varied,  and  was. 
fixed  according  to  local  conditions.  The  plant  was  designed  to 
supply  the  crushed  stone  required  for  the  Pacific  locks,  esti- 
mated to  be  2,000,000  cubic  yards  (1,529,118  cu.  m.) ;  and,  in 
view  of  the  elasticity  secured  through  large  storage  facilities 
at  the  locks,  it  was  considered  safe  to  fix  its  rated  capacity  at 
that  of  the  concrete  handling  plant,  which  was  2,560  cubic  yards 
(1,957  cu.  m.)  per  eight-hour  day.  The  estimated  cost  of  deliv- 
ering crushed  stone  in  storage  at  the  locks  was  $0.96  per  cubic 
yard  ($1,255  per  cu.  m.).  The  plant,  however,  supplied  a  cer- 
tain amount  of  stone  for  the  Gatun  lock,  municipal  work,  termi- 
nals and  fortifications,  and  it  was  necessary  to  work  twelve 
hours  per  day  for  a  portion  of  the  time.  Concrete  work  on  the 
locks  was  practically  completed  prior  to  June  30th,  1913,  and 
on  that  date  the  quarry  had  produced  2,558,578  cubic  yards 
(1,956,099  cu.  m.)  and  was  still  in  operation.  During  this 
period  the  average  rate  per  day  of  eight  hours  was  2352  cubic 
yards  (1,798  cu.  m.)  ;  this  does  not  fairly  represent  the  capacity 
of  the  plant,  as  the  output  varied  with  the  demand,  and,  during 
the  two  years,  1911  and  1912,  of  maximum  demand,  the  average 
rate  was  2774  cubic  yards  (2,120  cu.  m.).  The  average  cost  to 
June  30th,  1913,  was  $0,856  per  cubic  yard  ($1,119  per  cu.  m.) 
in  storage.    Additional  details  are  given  in  Table  3. 
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TABLE  NO.  3. 
Performance  of  Ancon  Quarry  Crushing  Plant. 


No.  of 
8  hour 
days 

Quarried,  Crushed,  and  Supplied 

Fiscal 
Year 

Pacific  Locks 

Other  Departments 

Total 

in  storage 

cu.  yds. 

cu.  m. 

cu.  yds. 

cu.  m. 

cu.  yds. 

cu.  m. 

cu. 

yds. 

cu. 

m. 

1910 
1911 
1912 
1913 

117 
302 
309 
360 

142,911 
808,767 
782,818 
424,850 

109,259 
618,323 
593,484 
324,809 

32,263 
47,057 
56,461 
263,451 

24,666 

35,976 

43,166 

201,415 

175,174 
855,824 
839,279 
688,301 

133,925 
654,299 
641,650 
526,224 

$1,502 
0.844 
0.799 
0.779 

11.965 
1.104 
1.045 
1.019 

Total ... 

1088 

2,159,346 

1,650,875 

399,232 

305,223 

2,558,578 

1,956,098 

0.856 

1.119 

1914 

Del 

ails  not  gi 

ven 

582,798 

445,564 

0.897 

1.174 

Total... 

3,141,376 

2,401,662 

0.864 

1.130 

Note. — All  unit  costs  given  in  this  and  following  tables  are  division 
costs  and  include  plant  charges. 

Sand  Production. 

Sand  was  obtained  from  a  bay  formed  by  Point  Chame, 
about  20  miles  (32.18  km.)  up  the  Pacific  Coast  from  the  en- 
trance to  the  Canal,  a  point  selected  after  investigating  care- 
fully the  quantity  and  quality  of  sand  and  loading  facilities  at 
numerous  points  within  a  reasonable  distance.  A  French  lad- 
der dredge  of  the  self-propelling  type,  that  had  been  repaired 
at  the  Balboa  shipways,  was  used  for  loading  the  sand  into 
scows  of  500  cubic  yard  (382.3  cu.  m.)  capacity,  and  the  latter 
were  towed  to  the  unloading  dock  at  Balboa.  The  dock  was  a 
wooden  structure  supporting  elevated  storage  bins  and  tracks 
for  the  unloading  cranes  and  sand  trains,  as  shown  on  Plate  IV. 
The  bins  held  2600  cubic  yards  (1,9#7.7  cu.  m.)  of  sand,  and 
covered  a  length  of  260  feet  (7ffc2f  m.) ;  there  were  three  unload- 
ing cranes,  similar  to  that  *WH  on  the  drawing,  which  operat- 
ed on  runways  extending  the  full  length  of  the  bins.  Each 
crane  was  equipped  with  a  3-eubic-yard  (2.29  cu.  m.)  clam-shell 
bucket,  and  the  hoisting,  trolleying,  and  bridging  movements 
were  actuated,  respectively,  by  100-,  20-  and  15-horsepower  550- 
volt  direct-current  motors,  while  a  small  railway-type  air  com- 
pressor on  each  supplied  air  for  controlling  the  hoisting  and 
lowering  brakes.  The  machinery  and  controlling  devices  were 
located  on  top  of  the  crane  near  the  front  towers,  so  that  the 
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operator  had  the  bucket  in  view  at  all  times.  The  equipment 
was  designed  to  supply  the  requirements  of  the  Pacific  division, 
estimated  to  be  1,000,000  cubic  yards  (764,559  cu.  m.)  at  an  esti- 
mated cost  of  $0.80  per  cubic  yard  ($1.05  per  cu.  m.)  delivered 
in  storage.  The  sand  plant  also  supplied  a  portion  of  the  sand 
for  Gatun  locks,  terminals,  fortifications,  and  other  works,  and 
the  output  prior  to  June  30th,  1913,  was  1,741,196  cubic  yards 
(1,331,189  cu.  m.)  at  an  average  cost  of  $0,777  per  cubic  yard 
($1,016  per  cu.  m.)  in  storage,  as  detailed  in  Table  4. 

TABLE  NO.  4. 
Performance  of  Chame  Sand  Plant. 


Dredged  and  Supplied 

Fiscal 
Year 

Pacific  Division 

Other  Departments 

in  Storage 

cu.  yds. 

cu.  m. 

cu.  yds. 

cu.  m. 

cu.  yds. 

cu.  m. 

cu.  yds. 

cu.  m. 

1910 
1911 
1912     , 
1913 

126,869 

465,426 

509,587 

not  given 

96,994 
355,830 
389,592 

108,991 

29,415 

55,250 

not  given 

83,326 
22,489 
42,240 

235,860 
494,841 
564,837 
445,658 

180,320 
378,319 
431,832 
340,717 

$0,976 
0.828 
0.702 
0.711 

$1,276 
1.083 
0.918 

Total 

1,741,196 

1,331,188 

0.777 

1914 

not  given 

not  given 

199,319 

152,835 

0.816 

Total 

1,940,515 

1,483,573 

0.781 

Transportation. 

All  materials  were  delivered  on  the  lock  sites  by  rail,  the 
Isthmian  standard  rolling  stock  being  used.  Those  materials 
from  the  United  States,  as,  for  example,  cement,  lumber,  rails, 
machinery,  etc.,  were  delivered  by  the  Panama  Railroad  on  ex- 
change tracks  at  Corozal,  and  from  there  were  handled  through- 
out the  division  by  the  division  transportation  department; 
sand,  stone,  and  excavated  material  were  handled  exclusively 
by  the  latter  department.  To  facilitate  the  transportation  with- 
in the  division,  a  system  of  tracks  extended  the  full  length  of 
the  same  from  Pedro  Miguel  to  Balboa;  dump  tracks  were  con- 
nected to  the  system  at  convenient  points  and  storage  yards 
installed  where  required.  The  division  main  line  was  about  a 
half  mile  west  of,  and  practically  parallel  to,  the  Panama  Rail- 
road; the  two  lines  were  connected  at  Pedro  Miguel,  Miraflores 
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Corozal,  and  Balboa,  so  that  the  blocking  of  either  would  not 
seriously  interfere  with  the  transfer  of  material  and  supplies. 
Cement  Storage. 

A  shed  of  75,000-barrels  capacity  was  erected  west  of  the 
Miraflores  lock  site,  and  connected  by  rail  to  both  sites.  The 
floor  was  of  concrete,  while  the  superstructure  was  a  wooden 
frame  covered  with  corrugated  iron ;  the  plan  contemplated  the 
subsequent  installation  of  a  system  of  steam-heated  pipes  for 
keeping  the  cement  dry,  if  desired,  but  experience  showed  it  to 
be  unnecessary  and  the  installation  was  omitted.     Cement,  in 


Fig.  2.     Sand  Unloading  Cranes  at  Balboa. 

bags,  was  delivered  in  box  cars  on  two  parallel,  depressed 
tracks  located  along  the  longitudinal  axis  of  the  building,  and 
was  distributed  over  the  floor  space  by  four  overhead  electric- 
ally-operated cranes.  The  arrangement  of  the  handling  plant 
was  such  that  something  less  than  50  percent  of  the  cement 
used  passed  through  the  shed,  and  the  cost  of  handling  the 
remaining  50  percent  in  and  out  of  the  shed  was  saved.  Ce- 
ment was  used  from  the  shed  and  replaced  at  a  rate  which 
would  insure  none  remaining  in  storage  longer  than  three 
months. 
Power  House. 

The  scheme  for  supplying  power  for  operating  the  locks, 
etc.,   included   a   central  station   at   Gatun,   and   a  duplicate 
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stand-by  station  at  Miraflores.  The  location  of  the  latter  was, 
therefore,  selected,  and  a  permanent,  reinforced-concrete  sta- 
tion built  immediately,  so  as  to  utilize  the  electric  power  for 
construction.  The  installation  consisted  of  six  400-hp.  water-tube 
boilers,  equipped  with  superheaters,  induced  draft  and  oil  burn- 
ers ;  the  electrical  machinery  consisted  of  three  (3)  1500-kw.,  2200- 
volt,  3-phase,  25-cyele  turbo-generators  with  the  accompany- 
ing exciters,  rotary  converters,  condensers  and  switch-gear. 
The  large  concrete  mixers  and  handling  cranes,  sand  cranes  at 
Balboa,  stone-crushing  plant  at  Ancon,  20-inch  (50.8  cm.) 
dredging  pumps  used  for  hydraulic  filling,  and  a  number  of 
smaller  pieces  of  machinery  were  electrically  driven  from  the 
above  power  house.  The  dredging  pumps  were  driven  by 
motors  designed  for  alternating  current;  for  all  other  con- 
struction purposes  the  current  was  converted  into  550-volt 
direct-current  by  three  rotary  converters,  one  in  the  central 
station  and  one  each  in  temporary  substations  at  Pedro  Miguel 
and  Balboa. 

HANDLING  PLANT. 

Berm  Cranes. 

There  were  four  (4)  steel  berm  cranes,  each  weighing 
about  470  tons.  The  towers  were  40  by  50  feet  (12.2  by  15.2 
meters),  and  were  mounted  on  sixteen  (16)  pairs  of  standard 
railroad  axles  and  wheels,  for  traveling  along  two  parallel  5- 
foot  (1.52  m.)  gauge  tracks  spaced  50  feet  (15.2  m.)  center 
to  center,  as  shown  on  Plate  V.  To  each  tower  was  attached 
a  cantilever  truss  150  feet  (45.72  m.)  long,  and  a  144-ft.  (43.89 
m.)  boom,  extending  in  opposite  directions;  the  latter  was 
hinged  so  that  the  outer  end  could  be  swung  through  an  arc 
of  25  degrees,  both  vertically  and  horizontally.  To  the  lower 
chords  of  each  were  attached  runways  for  trolleys ;  the  trolley 
operated  on  the  cantilever  was  equipped  for  controlling  all 
of  the  movements  of  a  2%-cubic-yard  (1.91  cu.  m.)  Hulett 
clam-shell  bucket  that  was  used  for  excavating  sand  and  stone 
from  the  storage  piles  and  conveying  them  to  hoppers  on  the 
tower.  The  boom  trolley  was  arranged  to  convey  and  ope- 
rate the  movements  of  a  64-cubic-foot  (1.81  cu.  m.)  bottom- 
dump  concrete  bucket,  of  especial  design,  and  was  also  capa- 
ble of  handling  forms  and  other  materials ;  each  trolley  carried 
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a  cage  for  the  operator,  and  controlling  switches,  so  that  the 
operators  were  immediately  above  and  in  plain  view  of  their 
work  at  all  times,  which  enabled  them  to  dump  into  limited 
spaces  without  signals  and  other  sources  of  delays  incident 
to  remote  control. 

Directly  under  the  trolley  runways  on  the  tower  were  two 
bins  for  sand  and  stone,  respectively,  of  15  cubic  yards  (11.5 
cu.  m.)  capacity  each,  from  which  the  aggregates  flowed 
through  gravity  chutes,  controlled  by  segmental  gates,  into 
measuring  hoppers  connected  with  the  mixers  below.  Below 
the  bins  the  entire  area  of  the  tower  was  floored  over  and  pro- 
tected as  a  storage  space  for  6000  bags  of  cement;  suspended 
from  the  floor  were  two  hoppers  holding  ten  (10)  barrels  of 
cement  each  and  connected  by  gravity  chutes,  with  gate  con- 
trol, to  the  measuring  hoppers.  Cement  was  delivered  in  bags 
from  box  cars  to  an  elevator  secured  to  the  tower  framing,  and 
from  this  to  a  horizontal  conveyor  operating  across  the  con- 
crete floor  to  gratings  over  the  suspended  hoppers ;  bags  to  be 
stored  on  the  floor  were  removed  from  the  conveyor  by  hand 
before  reaching  the  gratings.  The  mixer  platform  was  rigidly 
attached  to  the  tower,  lower  down,  and  supported  two  motor- 
driven  64-cubic-foot  (181  cu.  m.)  cube  mixers,  which  discharged 
directly  into  the  concrete  buckets  when  placed  on  a  movable 
platform  hinged  on  the  outside  of  the  tower  frame.  The  plat- 
form could  be  swung,  by  compressed  air,  through  an  arc  that 
carried  a  bucket  from  a  central  position  under  the  boom  to 
one  immediately  under  the  discharge  spout  of  either  mixer; 
when  filled  it  was  swung  back  to  the  former  position  and 
picked  up  by  the  trolley;  this  was  usually  accomplished  with- 
out unhooking  the  fall  lines.  The  mixers  were  equipped  with 
an  electric  recording  instrument  which  showed  graphically  the 
time  occupied  for  mixing  and  discharging  each  batch.  On  the 
record  the  foreman  in  charge  was  required  to  explain  the  cause 
of  unusual  delays.  Experience  demonstrated  that  the  usual 
dumping  gear,  though  running  in  oil,  wore  rapidly,  and  it  was 
replaced  by  what  proved  to  be  a  most  satisfactory  air-dumping 
device,  which  consisted  of  a  cylinder  hung  in  trunnions  placed 
below  the  mixing  platform,  with  the  piston  rod  connected  to 
the  dumping  shaft  through  a  series  of  levers,  the  air  being 
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controlled  by  a  three-way  cock  located  at  a  convenient  point 
on  the  platform.  Power  for  operating  the  cranes  was  supplied 
through  a  well  protected  feeder  rail  carried  on  brackets  at- 
tached to  the  crossties  of  one  of  the  crane  tracks.  Excepting 
the  40-hp.  shunt-wound  motors  for  each  concrete  mixer,  which 
were  located  on  the  mixer  platform,  all  motors  were  compound- 
wound  and  installed  in  a  machinery  house  on  top  of  the  tower ; 
these  included  65-hp.  motors,  geared  through  two  reductions  to 
the  hoisting  drums,  21-hp.  motors  for  trolleying  and  15-hp. 
motors  for  the  elevator  and  conveyor,  all  of  which  were  con- 
trolled by  master  switches  in  the  trolley  cage.  Dynamic  braking 
was  employed  in  the  hoisting  and  trolleying  movements,  and 
one  hoisting  motor  was  arranged  so  that,  after  disconnect- 
ing from  the  hoisting  drum,  it  could  engage  a  traversing  drum 
through  friction  clutches,  for  traversing  the  crane  in  either 
direction  by  means  of  cables  anchored  to  the  track. 

The  conditions  at  Pedro  Miguel,  as  described  hereafter, 
required  the  use  of  two  berm  cranes,  only  modified  as  follows : 

The  cranes  were  converted  into  balanced  cantilever  ma- 
chines, with  continuous  trolley  runways,  by  omitting  the  booms 
and  substituting  the  cantilevers  from  the  two  remaining  ma- 
chines, as  shown  on  Plate  VI.  The  sand  and  stone  bins  from 
the  other  cranes  were  also  added  to  these  to  provide  for  the 
material  handled  by  two  trolleys. 
Chamber  Cranes. 

Four  steel  cranes  of  the  cantilever  type,  shown  on  Plates 
V  and  VI,  were  employed  for  placing  concrete.  They  were 
designated  as  "chamber  cranes",  because  they  were  located  in 
the  lock  chambers.  Each  crane  weighed  about  95  tons,  and 
was  mounted  on  four  heavy  freight-car  trucks  for  running  on 
two  parallel  5-foot  (1.52  m.)  gauge  tracks  extending  the  full 
length  of  the  lock  floors.  The  towers  were  56  by  40  feet  (17.1 
by  12.2  m.),  with  bracing  designed  for  ample  clearance  over 
the  inclined  trestles  connecting  the  upper  and  lower  lock  cham- 
bers; each  tower  supported  cantilever  arms  53.5  and  81.5  feet 
(16.3  and  24.8  m.)  long,  respectively,  which  extended  over 
the  middle  and  side  walls  of  the  locks.  The  trolley  operated 
over  a  continuous  runway  191  feet  (58.2  m.)  long,  suspended 
from  the  tower  and  cantilever  trusses,  and  all  movements,  in- 
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eluding  the  manipulation  of  the  bottom-dump  concrete  buckets, 
were  controlled  by  an  operator  in  the  cage  attached  to  the  trol- 
ley. Motors  of  47-,  21-,  and  15-hp.  were  located  in  a  house  on 
top  of  the  tower,  for  hoisting,  trolleying,  and  traversing,  re- 
spectively. Traversing  was  controlled  by  a  stationary  switch 
on  the  tower  frame,  within  reach  of  the  operator  when  his  cage 
was  in  a  certain  position  only,  the  object  being  to  prevent  trav- 
ersing simultaneously  with  other  movements,  to  avoid  torsional 
stresses  for  which  the  structure  had  not  been  designed. 

CONSTRUCTION  METHODS  AT  PEDEO  MIGUEL. 

Lock  Excavation. 

The  Central  division  having  excavated  the  site  to  ref- 
erence 40  feet  (12.2  m.),  the  work  was  transferred  to  the  Pa- 
cific division  in  June,  1908,  and  was  practically  completed  in 
November,  1909.  Subsequent  slides  and  the  decision  that  the 
cost  of  removing  a  French  dump,  from  the  east  berm,  should 
be  charged  to  lock  excavation,  increased  the  yardage  and  ex- 
tended the  period  of  excavation  work  into  the  fiscal  year  1913. 
The  material  was  chiefly  rock  and  was  excavated  with  steam 


Fig.  3.     Pedro  Miguel  Locks.     Looking  North  from  East  Bank. 
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shovels  and  transported  to  dumps  in  trains  of  10-  and  20-eubie- 
yard  (7.6  and  15.3  cu.  m.)  dump  cars.  The  area  excavated  was 
south  of  the  lift  wall,  where  a  sheer  drop  of  30  feet  (9.1  m.) 
formed  a  dead  end  for  the  loading  tracks,  and,  as  the  shovels 
approached  this  barrier,  it  was  necessary  to  break  the  trains 
and  switch  in  a  few  cars  at  a  time  for  loading,  as  may  be  seen 
from  Figs.  3  and  4  attached.  This  condition  necessitated  haul- 
ing all  of  the  excavation  from  the  south  end  of  the  lock  pit 
and  over  heavy  grades,  in  order  to  pass  over  the  dike  which 
protected  the  work  from  frequent  floods  in  the  Rio  Grande  and 
Pedro  Miguel  River.  The  amount  of  material  excavated  and 
average  cost  were  as  follows,  exclusive  of  the  Central  division 
work : 

TABLE  NO.  5. 

Dry  Excavation,  Pedro  Miguel  Locks. 

Excavated  Unit  Cost 

Fiscal  Year      eu.  yds.          cu.  m.  cu.  yds.       cu.  m. 

1909 720,157        550,579  $0,709         $0,927 

1910 298,500         228,211  1.187           1.552 

1911 16,423           12,556  0.599           0.783 

1912 95,156           72,749  0.302           0.345 

1913 3,044            2,327  0.408           0.533 

1914 


1,133,280    866,422       $0,798    $1,043 

Preparing  Foundations. 

After  the  steam  shovels  had  excavated  approximately  to 
grade,  it  was  necessary  to  remove  the  loose  rock  and  level  the 
surface  for  the  concrete,  also  to  excavate  42  trenches  for  lat- 
eral culverts,  each  trench  being  13  feet  (3.96  m.)  wide,  11  feet 
(3.35  m.)  deep  and  137  feet  (41.75  m.)  long.  This  work  was 
designated  as  "preparing  foundation"  and  was  done  by  hand, 
the  rock  being  loaded  into  skips  or  buckets  and  transferred  to 
cars  with  derricks  or  locomotive  (jib)  cranes.  This  work  was 
particularly  expensive,  as  most  of  the  trenches  were  in  trap 
rock  and  were  excavated  simultaneously  with  placing  concrete 
in  the  walls,  which  called  for  unusual  care  in  blasting  and  in- 
terfered with  transportation;  moreover  the  bottom  of  the 
trenches  was  below  the  drainage  system,  so  that  special  pump- 
ing was  necessary.     Power  drills  were  employed  almost  ex- 
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Fig.  i.     Excavation    at  North    End    of   Upper   Miraflores   Locks. 

clusively,  and  the  total  amount  of  rock  removed  in  preparing 
the  foundations  was  175,987  cubic  yards  (134,546  cu.  m.),  at  an 
average  cost  of  $2,444  per  cubic  yard  ($3,196  per  cu.  m.). 
Concrete  Construction. 

Auxiliary  Mixers. — Through  delays  in  the  delivery  and 
erection  of  the  large  cranes,  it  became  essential  to  begin  opera- 
tions with  an  auxiliary  plant,  consisting  of  three  (3)  portable 
%-eubic-yard  (0.38  cu.  m.)  mixers  and  a  stationary  installation 
of  two  (2)  64-cubic-foot  (1.81  cu.  m.)  mixers  placed  at  the 
south  end  of  the  excavation  for  the  west  wall,  where  sand  and 
stone  could  be  dumped  directly  from  cars  into  overhead  feed- 
ing bins  of  about  20  cubic  yards  (6.1  cu.  m.)  capacity.  With 
this  equipment  the  masonry  was  started  on  September  1st,  1909, 
beginning  with  the  lower  guide  wall ;  the  portable  mixers  were 
so  placed  as  to  discharge  into  the  forms,  while  the  concrete 
from  the  stationary  plant  was  conveyed  in  buckets  on  flat  cars 
and  deposited  in  the  forms  with  derricks  or  locomotive  cranes. 
When  the  handling  cranes  were  placed  in  commission,  the  64- 
cubic-foot  mixers  were  moved  to  the  south  end  of  the  storage 
trestle  in  the  forebay,  and  so  located  that  the  feeding  bins 
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could  be  filled  from  trains  on  the  trestle;  they  remained  in 
this  position  until  the  masonry  was  practically  completed,  and 
mixed  a  large  percentage  of  the  concrete  placed  above  the 
lift  wall.  The  cost  of  producing  concrete  with  the  auxiliary 
mixers  was  materially  larger  than  with  the  main  plant ;  but  it 
was  necessary  to  continue  using  them  mainly  for  the  follow- 
ing reasons: 

When  the  main  plant  and  methods  of  operation  were  de- 
termined upon,  the  existing  plans  of  the  locks  showed  a  com- 
paratively small  proportion  of  concrete  above  the  lift  walls, 
and  the  intention  was  to  place  it  with  derricks  supplied  from 
the  berm-crane  mixers.  Alterations  in  the  lock  designs,  sub- 
sequent to  the  partial  installation  of  the  plant,  not  only  ma- 
terially increased  the  amount  of  concrete  above  the  lift  walls, 
but  added  to  the  excavation  and  introduced  sumps  and  lateral 
trenches,  the  excavation  of  which,  during  the  construction  of 
the  main  walls,  would  have  seriously  interfered  with  the  opera- 
tion of  the  narrow-gauge  road.  Under  the  circumstances,  the 
only  choice  was  to  postpone  a  large  portion  of  the  forebay 
work  until  the  cranes  had  been  moved  to  Miraflores  and  de- 
pend entirely  on  the  auxiliary  plant.  The  consequence  was 
that  of  the  907,175  cubic  yards  (693,559  cu.  m.)  mixed  and 
placed  at  Pedro  Miguel,  457,435  cubic  yards  (349,721  cu.  m.), 
or  slightly  over  50  percent,  was  mixed  by  the  auxiliary  mixers. 

Main  Plant. — The  arrangement  of  the  main  handling  plant 
at  Pedro  Miguel  is  shown  on  Plates  VI  and  VII.  The  banks 
on  either  side  of  the  site  being  high  and  unreliable,  it  was  im- 
practicable to  place  the  berm  cranes  back  of  the  side  walls  so 
as  to  utilize  them  for  both  mixing  and  placing  concrete.  Their 
function,  therefore,  was  handling  the  aggregates  and  mixing 
only,  and  for  this  purpose  they,  together  with  the  storage  tres- 
tles, were  located  in  the  forebay  and  a  narrow-gauge  railway 
introduced  to  transport  the  concrete  to  the  chamber  or  placing 
cranes.  With  this  disposition,  two  berm-cranes,  with  certain 
modifications,  were  sufficient  to  mix  concrete  for  the  four  plac- 
ing cranes  and,  when  designing  the  former  type,  provision  was 
made  for  converting  these  two  into  balanced  cantilever  cranes 
by  substituting  parts  from  the  two  remaining  cranes,  as  pre- 
viously described  and  as  may  be  seen  by  comparing  Plates  V  and 
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Tig.  5.     Pedro  Miguel  Locks.     View  of  Mixing  Crane  and  Storage  Trestle  in 

Forebay. 

VI.  Thus  modified,  the  trolleys  operated  on  each  arm  were 
provided  with  their  respective  bins  for  sand  and  stone  on  the 
tower,  and  worked  entirely  independently  of  one  another;  the 
crane  tracks  were  parallel  and  symmetrical  with  the  canal  axis, 
and  the  cantilever  arms  extended  well  over  the  corresponding 
storage  trestles.  Aside  from  the  above  alterations,  and  the 
lengthening  of  the  discharge  spouts  of  the  mixers  so  as  to  pour 
directly  into  buckets  without  removing  them  from  the  cars, 
these  cranes  were  equipped  as  previously  described  under  the 
heading  "Berm  Cranes". 

For  storage,  framed  wooden  trestles  were  built  along  both 
sides  of  the  forebay,  each  averaging  28  feet  (8.53  m.)  in  height 
and  800  feet  (243.8  m.)  in  available  length,  the  total  storage 
capacity  being  45,000  and  55,000  cubic  yards  (34,403  and  42,- 
049  cu.  m.)  of  sand  and  stone,  respectively.  The  aggregates 
were  dumped  into  storage  from  cars  on  the  trestle,  stone  being 
deposited  on  the  near  side  to  reduce  the  average  haul  to  the 
mixers.  The  layout  in  the  forebay  is  clearly  illustrated  in  Pigs. 
5  and  6. 
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The  36-inch  (91.4  cm.)  gauge  double-track  road,  for  con- 
veying concrete  from  the  mixing  to  the  placing  cranes   (see 
Plate  VII),   was   carefully  laid  with  70-pound    (154.3   kilo.) 
steel  rails,  to  insure  speed  with  safety  of  operation,  and  was 
provided  with  ample  switches  and  crossings,  to  facilitate  the 
passage  of  trains  into  and  out  of  either  lock  chamber.     The 
tracks  were  carried  from  the  forebay  down  to  the  lock  floors  on 
inclined  trestles  with  a  gradient  of  2.5  percent.     The  equip- 
ment consisted  of  twelve  11%-ton   (10,432.6  kilo.)   Porter  loco- 
motives and  twenty-four  (24)  steel  flat  cars,  each  capable  of 
carrying  two  concrete  buckets ;  both  locomotives  and  cars  were 
fitted  with  air  brakes.    All  trains  were  made  up  of  a  locomo- 
tive and  two  flat  cars,  each  car  carrying  a  concrete  bucket  so 
placed  that,  when  spotted  in  front  of  a  crane,  the  buckets  were 
directly  under  the  discharge  spout  of  the  corresponding  mix- 
ers, and  both  could  be  filled  simultaneously.    When  the  buckets 
had  been  filled,  the  train  proceeded  to  one  of  the  lock  chambers 
as  directed  by  signal,  and  stopped  under  the  first   chamber 
crane;  the  latter  placed  an  empty  bucket  on  one  of  the  cars 
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Fig.  6.     Pedro  Miguel  Locks.     Concrete  Mixers  in  Forebay,  Loading  Buckets. 
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and  picked  up  a  full  one  from  the  same  car;  the  train  then 
moved  to  the  next  crane,  which  also  exchanged  an  empty  for 
a  loaded  bucket,  leaving  the  train  with  two  empty  buckets  to 
return  to  the  mixing  plant  (see  Fig.  6).  Ten  (10)  trains  were 
usually  operated,  as  a  less  number  was  insufficient  for  constant 
service  of  the  cranes,  and  it  was  more  economical  to  have  trains 
waiting  than  to  delay  the  mixing  and  placing  cranes.  Refer- 
ring to  Plates  VI  and  VII,  it  will  be  seen  that  there  were  two 
chamber  cranes  in  each  lock;  they  were  employed  primarily 
for  placing  concrete,  but  were  also  used  for  handling  forms, 
back-filling  the  middle  wall,  placing  gate  anchorage  and  other 
imbedded  metal. 

Performance  of  Cranes. — The  berm  cranes  were  designated 
by  the  letters  E,  F,  G  and  H — cranes  B  and  G  being  used  at 
Pedro  Miguel.  The  chamber  cranes  were  numbered  1,  2,  3  and 
4,  respectively.  The  periods  of  operating  the  various  units  at 
Pedro  Miguel  were  as  follows : 


TABLE  NO 

.  6. 

Working  Time  of  Cranes 

at  Pedro  Miguel. 

Working  Time 

Designation 

Working 

Began 

Stopped 

Days 

Crane  E' 

Meh.   15,  1910 

May    19,  1911 

363 

"      G 

June   13,  1910 

Jan.     28,  1911 

217 

"       1 

Meh.   15,  1910 

Jan.     27,  1912 

567 

"       2 

Meh.   15,  1910 

Apr.    20,  1911 

336 

"       3 

June   13,  1910 

Dec.      6,  1911 

448 

4 July    15,  1910  May      9,  1911  258 

From  the  above  it  is  seen  that  one  half  of  the  plant,  or 
one  mixing  and  two  placing  cranes,  began  work  on  March 
15th,  1910,  and  the  other  half  on  July  15th,  1910,  and  that  the 
plant  worked  as  a  whole  from  the  latter  date  to  January  28th, 
1911,  when  it  became  necessary  to  begin  dismantling  for  re- 
moval to  Miraflores.  After  the  dismantling  of  the  last  mixing 
crane,  the  remaining  chamber  cranes  handled  back-filling  and 
concrete  from  the  auxiliary  mixers,  so  that  the  amount  of  con- 
crete handled  by  the  two  types  of  cranes  is  not  the  same. 
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TABLE  NO.  7. 
Performance  of  Cranes  at  Pedro  Miguel. 


Berm  Cranes 

Chamber  Cranes 

cu.  yds. 

cu.  m. 

cu.  yds. 

cu.  m. 

580.00 

3,404.04 

6,652.79 

452,273.00 

1,609.00 
8,141.27 

345,774 

504,688.00 

2,582.00 

2.84 

62.31 

835,847 

Backfill 

1,974 

Average  No.  of  cranes  working 

1.6 

132.86 

67.98 

101.57 
51.97 

47  63 

The  masonry  at  Pedro  Miguel  included  both  plain  and 
reinforced  concrete;  the  former  was  composed  of  1:3:6  parts 
of  cement,  sand,  and  stone,  respectively,  and  the  latter  of 
1 :2.5 :5  parts.  The  amount  and  unit  cost  of  each  are  shown  in 
Table  8. 

TABLE  NO.  8. 
Concrete  at  Pedro  Miguel  Locks. 


Fiscal 

Plain  Concrete 

Unit  Cost 

Reinforced 
Concrete 

Unit  Cost 

Year 

cu.  yds. 

cu.  m. 

cu.  yd. 

cu.  m. 

cu.  yds. 

cu.  m. 

cu.  yd. 

cu.  m. 

Remarks 

1910 

166,869 
497,802 
134,193 
39,465 
1,069 

127,575 
380,583 
102,594 
30,172 
817 

$6,089 
4.704 
5.718 
6.543 

20.557 

$7,964 
6.153 
7.479 
8.532 

26.888 

1911 

385. 
48,677 
18,697 
18 

294 

37,214 

14,294 

13 

$17,742 
8.519 
9.467 

128.735 

$23,206 
11.143 
12.377 

168.385 

are  divi- 
sion costs 
includ- 
ing plant 

1912 

1913 

1914 

Total 

839,398 

641,741 

5.248 

6.864 

67,777 

51,815 

8.865 

11.595 

Grand  Total  907,175  cu.  yds.  (693,591  cu.  m. )  at  $5,519  per  cu.  yd.  ($7,219  per  cu.  m.). 

Concrete  Forms.— With  the  exception  of  the  collapsible 
steel  forms  used  for  the  main  and  lateral  culverts,  all  forming 
was  of  wood,  as  shown  in  detail  on  Plates  VIII  and  IX.  The 
panels  were  15  feet  (4.57  m.)  long  and  6  feet  (1.82  m.)  high 
and  were  bolted  to  the  concrete  with  anchor  bolts  2  ft.  6  in. 
(76.2  cm.)  long,  which  were  removed,  leaving  the  anchor  nut 
imbedded.  The  design  of  all  forms,  including  many  special 
shapes,  was  carefully  worked  out,  so  that  they  could  be  used 
from  six  to  twelve  times,  as  the  conditions  required,  and  some 
of  them  were  transferred  to  the  Miraflores  work  in  good  con- 


Digitized  by  Microsoft® 


446         LOCKS,  DAMS  AND  REGULATING  WORKS,  PACIFIC  DIVISION 

dition.  The  steel  forms  were  re-used  at  both  sites  a  large  num- 
ber of  times;  those  for  the  main  culverts,  which  were  18  feet 
(5.48  m.)  in  diameter,  were  so  constructed  that,  when  slightly 
collapsed,  they  could  be  hauled  ahead  to  a  new  position  with 
winches.  The  average  cost  of  forms  for  plain  concrete  was 
$0,524  per  cubic  yard  ($0,685  per  cu.  m.),  and  for  reinforced 
concrete  $1.76  per  cu.  yd.  ($2.30  per  cu.  m.). 

CONSTRUCTION  METHODS  AT  MIRAELORES. 

Lock  Excavation. 

A  greater  portion  of  the  Miraflores  site  occupied  low 
ground,  through  which  the  Eio  Cocoli  and  Rio  Grande  flowed, 
and  which  was  occasionally  submerged  during  extreme  floods. 
This  condition  necessitated  diverting  the  rivers  and  protect- 
ing the  site  with  embankments  on  all  sides.  As  those  parallel 
to  the  longitudinal  axis,  on  the  east  and  west  sides,  would 
eventually  be  incorporated  in  the  back  filling  for  the  side  walls, 
they  were  constructed  to  a  proper  elevation  and  width  to  ac- 
commodate the  concrete  handling  equipment.  Steam  shovels 
began  work  at  the  north  end  and  on  the  diversions  in  January, 
1908,  continuing  until  the  completion  of  the  excavation;  the 
conditions  as  to  dead  ends  and  hauling  up  steep  grades,  as  de- 
scribed for  Pedro  Miguel,  prevailed  in  a  greater  degree  at  Mira- 
flores, as  a  large  percentage  of  the  excavation  was  below  sea 
level.  The  most  perplexing  problem  was  the  method  of  exca- 
vating the  site  of  the  south  lock,  where  a  partly  saturated  allu- 
vial deposit,  about  40  feet  (12.2  m.)  in  depth,  overlay  rock. 
This  formation  extended  along  the  canal  prism  for  about  a 
mile  and  a  half  (2.4  km.)  south  from  the  lock  and,  on  the 
whole,  involved  the  removal  of  approximately  8,200,000  cubic 
yards  (6,269,113  cu.  m.)  of  alluvial  material  and  1,500,000 
cubic  yards  (1,146,789  cu.  m.)  of  ro«k.  The  situation  is  sum- 
med up  as  follows  in  the  Annual  Report  of  1910 : 

"It  was  manifestly  impracticable  to  remove  the  earth 
and  rock  by  dredging  and  subaqueous  methods,  as  the 
requisite  number  of  dredges,  barges,  drill  scows  and  rock 
breakers  would  have  called  for  an  unwarranted  expenditure 
and  could  not  have  been  assembled  and  placed  in  com- 
mission so  as  to  complete  the  work  in  the  allotted  time.    A 
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careful  study  of  the  conditions  showed  that  the  rock  could 
be  excavated  by  steam  shovels,  in  the  dry,  in  a  shorter 
time  and  at  less  cost  than  by  any  other  method.     This, 
however,  is  not  true  in  regard  to  the  overlying  alluvial 
deposit,  as  steam  shovels  and  other  equipment  were  not 
available  in  sufficient  number  to  remove  it  at  the  required 
rate  and  in  addition  the  maintenance  of  tracks  would  be 
difficult  and  expensive  in  this  partly  saturated  material". 
Under   the   circumstances    a  hydraulic    excavating   plant 
was  chosen  as  the  most  expeditious  means  of  removing  the 
earth,  part  of  which  was  pumped  into  the  west  dam  at  Mira- 
flores  and  the  remainder  onto  the  adjacent  swamp  lands,  which 
it  was  desired  to  reclaim  for  sanitary  reasons  and  to  enhance 
the  future  value.    In  an  effort  to  advance  the  work,  the  dredge 
"Sandpiper"  was  towed  to  the  site  at  high  tide  and  worked 
while  the  hydraulic  plant  was  being  manufactured.     The  per- 
formance of  the  dredge  was  not  very  satisfactory  in  the  ma- 
terial encountered  and  it  was  transferred  to  the  Atlantic  divi- 
sion.    The  amount  and  cost  of  excavating  the  lock  site  were  as 
given  in  Table  9. 

TABLE  NO.  9. 
Excavation  at  Miraflores  Locks. 


Dry  Excavation 

Unit  Cost 

Wet 
Excavation 

Unit  cost 

Remarks 

Year 

cu.  yds. 

cu.  m. 

cu.  yds. 

cu.  m. 

cu.  yds. 

cu.  m. 

cu.  yds. 

cu.  m. 

1,120,342 
229,793 
247,700 
624,747 

856.530 
175,682 
189,374 
477,635 

$0,814 
1.322 
0.738 
0.656 

$1,065 
1.729 
0.965 
0.858 

167,888 
141,759 
332,703 

128,355 
10S.378 
254,360 

$0,341 
0.506 
0.548 

1911  .. 

lie 

2,222,582 

1,699.221 

0.8H 

1.064 

642,360 

491,093 

0.485 

Total  excavation,  2,864,932  cu.  yds.  (2,190,314  cu.  m.),  average  cost  $0,740  per  cu.  yd.  ($0.9 
per  cm.). 

Preparing  Foundations. 

As  at  Pedro  Miguel,  this  was  mainly  hand  work  and  con- 
sisted of  leveling  up  and  excavating  for  lateral  culverts  and 
other  trenches  below  the  floor  level.  The  amount  of  rock  ex- 
cavated was  415,981  cubic  yards  (318,028  cu.  m.)  at  an  average 
cost  of  $1,718  per  cu.  yd.  ($2,247  per  cu.  m.). 
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Concrete  Construction. 

Auxiliary  Plant. — The  auxiliary  plant  at  Miraflores  was 
composed  of  two  64-eubie-foot  (1.81  eu.  m.)  mixers  and  from 
four  to  eight  %-cubic-yard  (0.38  cu.  m.)  mixers,  some  of  the 
latter  being  transferred  from  Pedro  Miguel  as  work  pro- 
gressed. The  portable  mixers  were  moved  as  desired  and  were 
used  for  placing  the  lock  floors,  upper  guide  and  wing  walls, 
and  other  portions  of  the  work  that  were  inaccessible  for  the 
main  plant.  As  at  Pedro  Miguel,  the  auxiliary  mixers  were 
utilized  to  a  greater  extent  than  originally  intended  by  reason 
of  subsequent  alterations  in  the  lock  designs.  The  two  large 
mixers  were  set  up  at  the  north  end  of  the  east  storage  trestle, 
where  they  could  be  supplied  with  sand  and  stone  by  gravity, 
from  September,  1910,  to  May,  1911.  They  were  then  moved 
to  a  position  on  the  east  lock  wall  and  really  became  an  addi- 
tion to  the  main  plant,  as  described  later.  The  output  of  these 
two  mixers,  while  located  under  the  east  trestle,  was  transported 
on  cars  to  derricks  or  cranes  and,  for  a  time,  was  placed  with 
one  of  the  berm  cranes,  which,  though  incomplete,  was  sufficiently 
equipped  to  operate  the  boom  extending  over  the  side  wall. 
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Fig.  7.     Miraflores   Lower  Locks.     Looking  North  from  East  Bank. 
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Method  of  Raising  Form  N9M, 

1.  fJfier  conrreie  has  hardened,  unscrew  and  remove  bolts  'tf.  Insr.rt  bolts  r°  mf 
and  scretf  tight  into  the  anchor  nuts  loft  in  the  wall.  Sy  screwing  aleevenut*  a 
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£  Adjust  form  by  loosening  the  lower  row  of  bolts  'Q~  and  driving  wedges  unde 

Hte.  desired  adjustment  is  accomplished ,  tighten  bolts'D'. 
Concluded  below. 
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Main  Plant. — The  disposition  of  the  units  of  the  main  plant 
at  Miraflores  is  shown  on  Plates  V  and  X  and  Pigs.  8  and  9. 
Two  berm  cranes  were  placed  back  of  each  side  wall,  where 
they  could  be  used  for  both  mixing  and  placing;  storage  tres- 
tles were  set  up  in  rear  of  the  cranes,  the  height  of  the  trestles 
being  such  as  to  secure  ample  storage  and  a  means  of  back- 
filling the  higher  locks  without  "lifting  track"  after  the  walls 
were  finished  and  the  trestles  no  longer  required  for  storage. 


Fig.  8.     Miraflores  Upper  Locks.     Berm  Cranes   and  Storage  Trestles. 

The  storage  provided  was  208,000  cubic  yards  of  rock  (159,021 
cu.  m.)  and  180,000  cubic  yards  (137,615  cu.  m.)  of  sand. 

The  four  berm  cranes,  fully  equipped,  were  used  at  Mira- 
flores. They  conveyed  the  aggregates  from  storage,  mixed  and 
placed  concrete  for  the  side  walls  and,  when  these  were  prac- 
tically completed,  they  delivered  concrete  through  chutes  to 
trains  for  transportation  to  the  center  and  guide  walls.  The 
chamber  cranes  were  erected  in  the  east  locks,  two  in  the 
upper  and  two  in  the  lower,  and  were  served  by  a  battery  of 
two  64-eubic-foot  (1.81  cu.  m.)  mixers  located  in  a  niche  left 
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for  the  purpose  in  the  east  wall  of  the  upper  lock.  When  the 
masonry  of  the  upper  locks  was  practically  finished,  one  of  the 
chamber  cranes  was  lowered  into  the  lower  chamber  by  means 
of  cribbing  and  hydraulic  jacks,  and  the  mixer  battery  moved 
from  the  upper  wall  to  a  corresponding  position  in  the  east 
wall  of  the  lower  lock.  The  final  disposition  of  the  chamber 
cranes  left  one  in  the  upper  chamber,  for  finishing  the  con- 
crete and  back-filling  the  middle  wall,  and  three  in  the  lower 


Fig.  9.     Mirafiorcs   Spillway  Dam. 

one,  for  placing  concrete  in  the  lower  locks  and  guide  wall  and 
for  back-filling.  Concrete  was  transported  by  the  narrow- 
gauge  railway,  which  had  been  transferred  from  Pedro  Miguel 
and  laid  on  the  floors  of  the  east  chamber.  The  concrete  in 
the  locks  proper  was  completed  on  May  17th,  1913,  but  the 
chamber  cranes  continued  in  operation  for  back-filling,  while 
cranes  E  and  F  were  kept  in  commission  to  supply  concrete 
for  the  spillway  as  described  later.  The  time  of  operating  the 
several  units  prior  to  June  30th,  1913,  was  as  in  Table  10. 
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TABLE  NO.  10. 
Working  Time  of  Cranes  at  Miraflores. 


Working 

Time 

Working 

Designation 

Began 

Stopped 

Days 

•ane  E 

Octv   :28,  1911 

June    30,  1913 

513 

"      F 

Men.   22,  1911 

June    30,  1913 

698 

"      G 

July    25,  1911 

May    14,  1913 

552 

"      H 

Apr.      7,  1911 

May    14,  1913 

642 

' '       1 

Mch.   26,  1912 

June   30,  1913 

390 

"       2 

July    13,  1911 

June    30,  1913 

606 

"       3 

Eeb.    15,  1912 

June    30,  1913 

423 

' '       4 

Aug.      3,  1911 

June    30,  1913 

590 

It  will  be  noted  that  while  "Crane  F"  began  work  on  March 
22nd,  1911,  the  entire  plant  did  not  get  into  action  until  March 
26th,  1912,  and  worked  as  a  whole  to  May  14th,  1913.  The  per- 
formance prior  to  June  30th,  1913,  was  as  given  in  Table  11. 

TABLE  NO.  11. 
Performance  of  Cranes  at  Miraflores. 


Berm  Cranes 

Chamber  Cranes 

cu.  yd. 

cu.  m. 

cu.  yd. 

cu.  m. 

2,405.00 
11,029.09 
20,568.69 
785,339.00 
615,477.00 

2,009.00 
10,168.25 

600,412.00 
470,548.00 

452,655.00 

99,701.00 

3.30 

54.32 

346,066.00 

Backfill      "         "        '•     

76,224.00 

3.45 
71.38 
38.20 

54.51 
29.20 

41.52 

The  concrete  was  mixed  in  the  same  proportions  as  given 
for  Pedro  Miguel  and  the  amount  and  unit  costs  are  shown 
in  Table  12. 

TABLE  NO.  12. 
Concrete  at  Miraflores  Locks. 


Plain  Concrete 

Unit  Cost 

Reinforced 
Concrete 

Unit  Cost 

Year 

cu.  yds. 

cu.  m. 

cu.  yd. 

cu.  m. 

cu.  yds. 

cu.  m. 

cu.  yd. 

cu.  m. 

Remarks 

1910 

1,630 
272,933 
729,096 
402,607 

2,218 

1,246 
208,664 
557,413 
307,803 

1,696 

$7,392 
4.683 
4.587 
5.027 

20.480 

$9,668 
6.125 
5.999 
6.575 

26.787 

Unit 

1911 

1912 

1913 

1914 

22,444 

48,185 

626 

17,159 

36,839 

478 

$10,639 
10.802 
21.309 

$13,915 
14.129 
27.872 

costs 
includ- 
ing plant 
charge. 

Total 

1,408,484 

1,076,822 

4.759 

6.224 

71,255 

54,476 

10.843 

14.182 

Grand  Total  1,479.739  cu.  yds.  <1,131,298  cu.  m.)  at  $5.052 per  cu.  yd.  ($6,608  per  cu.  m.) 
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West  Dam  at  Pedro  Miguel. 

This  is  an  earth  dam  composed  of  selected  earth  placed 
between  toes  consisting  largely  of  rock.  As  is  seen  from  Plate 
XI,  it  is  of  generous  proportions.  This  is  due  to  the  fact  that 
the  materials  used  were  obtained  from  the  prism  excavation 
and  otherwise  would  have  been  wasted  elsewhere.  In  short 
the  dam  is  simply  a  waste  dump,  of  which  a  certain  portion  was 
selected,  dumped  from  cars  in  thin  layers,  and  thoroughly 
wet  down  and  compacted.  The  foundation  was  investigated 
by  means  of  drills  and  test  pits,  which  showed  it  to  be  im- 
pervious except  for  a  distance  of  about  300  feet  (91.4  m.) 
where  the  original  bed  of  the  Rio  Grande  crossed  the  site.  A 
layer  of  gravel  about  4  feet  (1.2  m.)  thick  was  found  in  this 
area  resting  upon  the  rock.  This  was  removed  for  a  width 
of  about  20  feet  (6.1  m.)  along  the  axis  of  the  dam  and  re- 
placed with  a  puddled  core  and  the  entire  site  was  cleared, 
grubbed,  and  plowed  before  filling  began.  The  top  of  the  toe 
on  the  water  side  was  carried  to  reference  92  feet  (28.0  m.), 
while  the  crest  is  107  feet  (32.6  m.),  the  high-water  line  is  87 
feet  (26.52  m.)  and  the  maximum  head  against  the  dam  is  47 
feet  (14.32  m.).  The  completed  dam  contains  699,518  cubic 
yards  (534,800  cu.  m.)  and  the  average  cost  was  $0.45  per 
cubic  yard  ($0.59  per  cu.  m.). 
East  Dam  at  Pedro  Miguel. 

Excepting  in  a  cut  through  which  the  Panama  Railroad 
passed,  the  surface  of  the  ground  to  the  east  of  the  lock  is  well 
above  the  water  level.  To  prevent  seepage,  however,  a  con- 
crete core  wall,  founded  on  rock,  was  built  from  the  lock  wall 
to  a  hill  immediately  east  of  the  site.  The  wall  contains  1567 
cubic  yards  (1198  cu.  m.)  of  concrete,  which  cost  $5,005  per 
cubic  yard  ($6.55  per  cu.  m.). 
West  Dam  at  Miraflores. 

As  may  be  seen  on  Plate  XII,  this  dam  extends  from  the 
upper  lock  gate  abutment  to  Cocoli  Hill,  and  is  almost  parallel 
with  the  locks.  A  shorter  dam  could  have  been  built  from 
the  same  point  on  the  lock  to  the  hills  directly  west,  to  retain 
Miraflores  Lake;  but,  as  the  Cocoli  River  flowed  across  the 
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lock  site,  a  second  dam  would  have  been  required  to  protect  the 
locks,  and  a  spillway  provided  for  the  overflow  of  the  Cocoli. 
It  was  for  this  reason  more  economical  to  locate  the  dam  as 
shown,  and  incidentally  turn  the  waters  of  the  Cocoli  into  the 
canal  system.  The  dam  consists  of  a  hydraulic  fill  sustained 
by  two  toes  composed  of  a  mixture  of  earth  and  rock,  and,  as 
at  Pedro  Miguel,  the  dam  greatly  exceeds  the  dimensions  re- 
quired to  resist  the  water  pressure,  being  built  of  material  from 
the  canal  excavation  that  would  otherwise  be  wasted.  The 
foundation  is  compact  and  impervious,  except  in  the  bed  of 
the  Cocoli,  where  a  trench  20  feet  wide  (6.1  m.)  was  excavated 
to  rock  and  filled  with  puddle.  A  ditch  of  the  same  width  and 
about  12  feet  (3.6  m.)  deep  was  excavated  for  the  remaining 
length  of  the  site,,  to  insure  a  bonding  of  the  natural  soil  and 
filling.  The  toes  were  filled  from  dump  cars  and  kept  about 
10  feet  (3.0  m.)  above  the  hydraulic  filling,  which  was  pumped 
into  the  space  between  them  by  means  of  the  dredging  pumps 
of  the  hydraulic  excavating  plant  and  20-inch  (50.8  cm.)  relay 
pumps,  the  lift  averaging  about  70  feet  (21.3  m.).  In  May, 
1911,  the  spillway  for  the  surplus  water  from  the  hydraulic 
filling  gave  way  through  undercutting  at  the  outer  toe,  and  a 
large  amount  of  water  escaped,  carrying  with  it  about  36,000 
cubic  yards  (27,523  cu.  m.)  of  useful  filling;  unfortunately  a 
large  part  of  the  outflow  ran  into  the  lock  pit  before  it  could 
be  diverted,  and  interrupted  the  work  for  several  days.  Aside 
from  several  slides,  which  interfered  with  the  work  in  their  im- 
mediate vicinity,  this  was  the  only  accident  of  any  magnitude 
that  occurred  during  the  construction  of  the  locks  and  dams. 
The  hydraulic  filling  was  discontinued  when  it  reached  the 
lake  level,  reference  55  feet  (16.76  m.),  and  an  attempt  made 
to  cover  it  with  dry  filling  dumped  from  the  toes.  This  was 
finally  accomplished  after  experiencing  many  difficulties,  such 
as  settlements  of  the  dry  filling,  which  carried  the  tracks  away, 
and  the  lifting  up  of  the  soft  material  from  the  lateral  pres- 
sure; the  surface  of  the  latter  rose  as  much  as  eight  feet  (2.4 
m.)  in  places,  and  it  became  necessary  to  open  a  drainage 
channel  in  the  west  toe  and  permit  the  top  silt  to  run  off.  At 
the  junction  of  the  dam  with  Cocoli  Hill  and  the  lock  wall 
concrete  core  walls  extended  well  into  the  filling.     The  com- 
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pleted  dam  contains  1,758,423  cubic  yards  (1,344,360  cu.  m.)  of 
dry  filling,  which  cost  $0,458  per  cubic  yard  ($0,599  per  cu.  m.) 
and  625,048  cubic  yards  (477,886  cu.  m.)  of  hydraulic  fill  cost- 
ing $0,085  per  cu.  yd.  ($0,111  per  cu.  m.) ;  making  a  total  of 
2,383,471  cu.  yds.  (1,822,246  cu.  m.)  at  an  average  cost  of 
$0,379  per  cu.  yd.  ($0,495  per  cu.  m.). 
East  Dam  at  Miraflores. 

The  east  dam  is  of  concrete  and  is  provided  with  regulat- 
ing gates.  Its  construction  was  postponed,  I  might  say,  until  the 
last  minute,  as  it  was  necessary,  for  the  protection  of  the  lock 
work,  to  permit  the  Rio  Grande  to  flow  through  the  site.  More- 
over, the  tracks  of  the  Panama  Railroad  and  of  the  Central  divis- 
ion occupied  the  eastern  portion,  and  could  not  be  removed  before 
March,  1913,  without  interfering  with  the  disposal  of  spoil  from 
the  south  end  of  Culebra  Cut.  Still  another  part  of  the  site, 
near  the  west  end,  covered  a  pit  excavated  by  the  French  for 
a  lock,  which  had  become  filled  with  silt  from  the  overflow  of 
the  Rio  Grande.  Beginning  in  September,  1912,  a  large  por- 
tion of  the  silt  was  removed  with  a  hydraulic  monitor  and  pump, 
and  about  one-fourth  of  the  dam  site  was  inclosed,  and  excavation 
for  foundations  begun  by  hand  within  the  enclosure ;  the  material 
being  loaded  into  skips  and  removed  with  derricks;  When  the 
tracks  at  the  east  end  had  been  removed  and  the  river  confined, 
steam  shovels  were  employed  for  excavating  the  remainder  of  the 
site  and  the  basin  below  to  grade.  When  the  general  grade 
had  been  reached,  hand  work  was  again  resorted  to  for  cleaning 
up,  removing  loose  rock,  and  sinking  the  trench  under  the  up- 
stream toe.  To  facilitate  the  removal  of  excavated  material 
and  the  placing  of  concrete,  a  trestle  was  erected  immediately 
above  and  parallel  to  the  upstream  face  of  the  dam,  with  a 
spur  connecting  to  the  railroad  line  at  the  east  end.  Prom 
the  trestle,  locomotive  cranes  handled  excavated  and  other  ma- 
terials and  placed  concrete,  delivered  to  them  on  cars  from 
several  stationary  mixing  plants.  Along  the  downstream  face 
a  battery  of  derricks  was  installed  for  placing  concrete  mixed 
by  one  of  the  berm  cranes,  located  on  the  east  side  of  the  lock, 
which  had  been  kept  in  commission  for  this  particular  pur- 
pose. The  berm  crane  and  derricks  were  connected  by  narrow- 
gauge  tracks  and  the  concrete  transported  over  these  with  the 
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equipment  that  had  been  employed  in  the  construction  of  the 
locks. 

The  conditions  necessitated  several  diversions  of  the  river, 
the  final  one  being  made  when  a  portion  of  the  concrete  had 
been  brought  to  the  proper  height  to  pass  the  flow  through  an 
opening,  left  in  the  same  until  the  work  was  sufficiently  com- 
plete to  make  the  closure.  The  excavation  for  the  dam  and 
basin  amounted  to  242,399  cu.  yds.  (185,320  cu.  m.)  and  cost 
$1.25  per  cu.  yd.  ($1,635  per  cu.  m.)  and  the  amount  of  con- 
crete placed  was  74,254  cu.  yds.  (56,769  cu.  m.),  which  cost 
$6,216  per  cu.  yd.  ($8.13  per  cu.  m.). 

SPECIAL  FEATURES. 

Concrete  Barges. 

Three  reinforced  concrete  barges  were  constructed  and 
used  as  supports  for  the  20-inch  (50.8  cm.)  centrifugals  and 
their  motors,  which  were  employed  to  discharge  the  material 
excavated  by  the  hydraulic  monitors.  The  original  idea  was 
that,  as  these  pumps  were  to  be  moved  from  time  to  time,  it 
would  be  more  economical  to  provide  supports  that  could  be 
floated  into  position  than  to  dismantle  and  reassemble  the 
pumping  units.  While  it  was  a  simple  matter  to  flood  the  pit 
sufficiently  to  move  the  barges,  it  proved  impossible  to  main- 
tain a  pool  around  each  and  keep  them  afloat  while  working. 
In  settling  on  the  bottom  they  were  injured  by  boulders  and 
sunken  logs,  so  that  this  method  was  abandoned  and  concrete 
foundations  with  suction  wells  were  prepared  at  each  position 
thereafter.  These  barges  stood  some  very  rough  usage,  and, 
while  they  were  a  failure  for  the  purpose  for  which  they  were 
constructed,  this  is  not  due,  in  the  opinion  of  the  writer,  to 
their  being  made  of  concrete,  as  barges  of  any  other  material 
would  also  have  been  similarly  injured  under  the  circumstances. 
Lock  Guide  Walls. 

The  guide  walls  were  1200  feet  (365.8  m.)  long  each,  and 
were  extensions  of  the  center  walls  of  the  locks.  In  construct- 
ing these,  the  feature  that  differed  materially  from  the  re- 
mainder of  the  work  was  the  foundations  of  the  upper  guide 
wall  at  Miraflores.  Under  this  wall  the  rock  dropped  off  sud- 
denly to  a  depth  of  60  feet  (18.2  m.)   and  greater  below  the 
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bottom  of  the  canal,  and  there  was  no  material  suitable  for  a 
foundation  within  30  feet  (9.1  m.)  of  the  surface.  The  wall 
was,  therefore,  supported  by  concrete  caissons  sunk  to  a  secure 
foundation,  which  was  usually  found  at  about  35  feet  (10.7  m.) 
below  the  surface.  The  caissons  consisted  of  reinforced-con- 
crete  shells  7.5  feet  (2.28  m.)  in  diameter  and  8  inches  (203.2 
mm.)   thick,  made  in  sections  6  feet    (1.82  m.)   long,  which 


Fig.   10.     Hydraulic  Excavation,  Miraflores  Dredging  Barges. 

were  secured  together  and  sunk  progressively.  The  bottom 
section  had  a  metal  cutting  edge,  and  the  earth  inside  of  the 
shells  was  excavated  by  hand,  during  the  process  of  sinking, 
loaded  into  buckets  and  hoisted  by  windlasses.  The  caissons 
were  15  feet  (4.57  m.)  apart  and  a  battery  of  windlasses,  oper- 
ated by  a  single  engine,  was  arranged  for  sinking  an  equal 
number  of  caissons  at  the  same  time.  Well  drills  were  also 
utilized  as  windlasses  to  increase  the  number  of  caissons  that 
were  to  be  sunk  simultaneously.  The  caissons  were  eventually 
filled  with  concrete  and  supported  a  system  of  heavy  rein- 
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forced-concrete  girders,  which  in  turn  supported  the  walls  of 
the  superstructure. 
Concrete  Lamp  Posts. 

A  large  number  of  lamp  posts  were  required  for  lighting  the 
locks.  These  and  the  caisson  shells,  referred  to  above,  were 
manufactured  and  stored  in  a  yard  established  at  Miraflores 
between  the  lock  and  cement  shed;  half -yard  (0.38  cu.  m.) 
mixers  were  installed  in  the  yard  in  such  a  way  that  the  con- 
crete could  be  poured  directly  into  the  moulds. 
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DREDGING  IN  THE  PANAMA  CANAL. 


By 

W.  G.  COMBEE,  M.  Am.  Soc.  C.  E. 

Resident  Engineer,  Dredging  Division,  The  Panama  Canal 

Paraiso,  Canal  Zone,  Panama 


The  subject  above  includes  mention,  at  least,  of  the  French 
companies'  work  of  this  kind,  and  it  would  be  impossible,  within 
the  limits  of  this  article,  to  do  much  more  than  treat  it  briefly. 

Dredge  excavation  as  shown  on  the  ground  at  the  time  of 
the  American  occupation  consisted  of  a  channel  dug  from  Limon 
Bay,  through  the  present  Cristobal  harbor  to  a  point  near  Bohio, 
14.5  miles  from  the  dry  dock  at  Cristobal,  this  channel  being  150 
to  225  feet  wide,  the  wider  parts  being  apparently  passing  points ; 
the  water  varied  in  depth  from  one  to  eighteen  feet,  owing  to 
siltage. 

Various  traces  of  dredging  and  stranded  dredges  were  found 
at  Bohio,  Mile  15 ;  Chagrecito,  Mile  21 ;  Mamei,  Mile  25 ;  Gorgona, 
Mile  29,  on  the  Atlantic  side  of  the  Divide.  On  the  Pacific  side 
a  channel  was  dug  from  deep  water  in  Panama  Bay  to  La  Boca 
wharf,  passing  to  the  east  of  the  Islands  of  Perico,  Naos,  etc., 
which  channel  was  maintained  by  the  Panama  Eailroad  when 
this  work  was  assumed  by  the  Canal  Commission.  Above  La 
Boca  wharf  a  channel  was  excavated  a  distance  of  12,000  feet, 
carrying  about  eight  feet  at  low  water. 

Excavation  useful  to  the  American  canal  was  estimated  by 
a  committee  and  is  treated  at  some  length  in  the  Canal  Record, 
Vol.  3,  page  124,  issue  of  December  15,  1909.  The  Committee 
states  it  is  impossible  to  determine  between  wet  and  dry. 

The  dredges  which  were  used  by  the  French  in  performing 
this  work  were  of  two  types :  The  ladder,  or  endless-chain  bucket 
dredge,  and  the  suction  dredge. 
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The  ladder  dredges  can  be  subdivided  into  five  kinds,  as 
follows : 

1.  Four  small  60-hp.  ladder  or  elevator  dredges  operated 
by  sprocket-chain  drive,  with  buckets  of  nine  cubic  feet  capacity 
and  molded  hull.  Further  details  are  not  available.  One  dredge 
was  sunk  at  Mindi,  the  others  scrapped.  The  foregoing  were 
the  first  dredges  on  the  Isthmus. 

2.  Marine  type,  self-propelling  dredges  which  came  to  the 
Isthmus  under  their  own  steam.  They  were  three  in  number,  one 
on  the  Atlantic  side  and  two  on  the  Pacific,  and  were  built  by 
Lobnitz  &  Company,  of  Renfrew,  Scotland.  They  had  molded 
hulls  of  170  ft.  by  26  ft. ;  single-screw ;  direct  inverted  compound 
engines  of  300  hp. ;  dredging  gear  driven  through  frictions  by 
sprocket  chains;  Scotch  marine  boilers;  17  cubic  feet  capacity 
buckets,  with  32  to  36  buckets  in  the  endless  chain ;  and  center 
well.  They  were  unable  to  cut  their  own  flotation  on  account 
of  the  projecting  bow,  and  apparently  were  bought  for  outside 
work  in  deepening  channels;  they  were  fitted  for  use  in  a  con- 
siderable seaway.  These  dredges  were  named  "A-l",  "A-2" 
and  "A-3";  "A-l"  and  "A-2"  were  rebuilt  by  the  Americans 
and  called  "Mole"  and  "Gopher".  The  dredging  depth  of 
the  first  two  was  12  meters;  the  other,  10  meters.  (See 
Plate  I.) 

3.  The  Belgian  non-propelling  dredge,  with  rectangular 
box  hull,  112'  2"  by  29'  6"  by  11'  6" ;  Scotch  marine  boilers ;  and 
tandem  steeple  engines  of  180  hp.,  directly  connected  to  dredging 
gear.  They  were  erected  on  the  Isthmus  from  Belgian  makers 
and  apparently  were  the  principal  reliance  of  the  French  com- 
panies. The  buckets  were  of  17  cubic  feet  capacity,  with  32  to 
36  in  the  endless  chain;  the  dredge  was  able  to  cut  its  own 
flotation.  Twenty-two  of  these  dredges  were  purchased  by  the 
French  and  are  accounted  for  as  follows : 

17  dredges  erected  and  operated  for  two  years  by  the  French 
companies, 
1  burned  at  Colon  in  1885, 
1  at  San  Pablo,  not  completed, 
1  at  Gorgona, 
1  at  La  Boca,  hull  only, 
1  lost  in  transportation. 
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These  dredges  were  interchangeable  in  all  parts — machinery, 
plating,  frames,  etc.    (See  Plate  II.) 

4.  Four  dredges,  details  incomplete;  size  about  120  ft.  by 
30  ft. ;  ladder  built  in  two  pieces ;  belt  transmission ;  two  chutes, 
180'  long,  for  dumping;  spoil  dumped  on  banks  of  Canal  back 
of  wooden  dams,  or  bulkheads;  dredges  were  not  successful  ex- 
cept in  soft  material ;  said  to  be  of  American  make. 

"When  the  dredges  reached  Colon,  the  French  company  paid 
one-half  purchase  price,  the  balance  to  be  paid  on  completion  of 
project.  When  the  project  was  abandoned,  the  receivers  pro- 
tested payment  of  balance  due,  and  Slavin  Company  (contrac- 
tors) took  possession  of  the  dredges  and  sold  same  to  the  Nic- 
araguan  Canal.  Three  of  these  dredges  sank  en  route  to  Grey- 
town,  and  the  other  was  not  operated  after  arrival. 

5.  Two  dredges  known  as  Suez.  This  type  was  a  box-hull 
ladder  dredge  which  discharged  its  buckets  into  a  well,  where 
the  contents  were  diluted  with  water  and  taken  up  by  a  centri- 
fugal pump  and  discharged  on  shore  through  an  overhead  pipe 
line  carried  on  a  barge  alongside.  Only  two  of  this  type  are 
known,  and  they  apparently  had  not  handled  any  great  amount 
of  material ;  and  they  were  said  not  to  have  been  successful,  as 
rocks  continually  plugged  the  chute.    (See  Plate  III.) 

Ladder  Dredges. 

All  dredges  in  this  class  were  built  either  of  steel  or  iron. 

In  operating  all  classes  of  ladder  dredges,  except  those  dis- 
charging through  chutes  or  pipes  on  shore,  mud  scows  were 
necessary,  and  the  outfit  provided  with  the  first  class  of  ladder 
dredges  was  what  was  called  "hand  clapets".  These  were 
small  iron  hopper  barges  of  about  130  cubic  meters  capacity, 
dumping  through  bottom  doors,  and  towed  by  steam  launches 
to  dumping  ground;  also  some  100-  to  150-ton  barges,  from 
which  material  was  removed  by  elevator  hoist  and  deposited 
on  canal  banks  through  chutes  120  feet  long. 

To  handle  material  from  classes  1,  2,  and  3  of  ladder 
clapets,  12  steam  self-propelling  mud  scows  were  purchased, 
known  as  "Clapets".  These  dredges,  136'  6"  by  26'  3"  by  14' 
6",  had  twin  compound  inverted  engines  of  about  350  hp., 
Scotch  marine  boiler,  and  a  hopper  capacity  of  250  cubic  yards. 
Eight  were  built  by  Lobnitz  &  Company,  Eenfrew,  Scotland, 
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(see  Plate  IV),  and  four  by  Palmer,  of  Jarrow,  England,  (the 
Jarrow  elapets  are  slightly  different  in  dimensions  from  the 
Lobnitz).  There  were  also  four  single-screw  elapets,  133'  6"  by 
25'  iy2"  by  11'  0",  with  2-eylinder  compound  engines,  21  in.  by 
42  in.  over  24  in.,  of  365  i.h.p. ;  Scotch  marine  boilers,  and  a 
hopper  capacity  of  250  yards ;  these  dredges  were  built  by  Lob- 
nitz &  Company.  All  of  the  above  boats  were  built  of  steel  or 
iron. 

Below  is  given  a  partial  list  of  the  other  marine  equip- 
ment used  by  the  French  companies  in  connection  with  dredg- 
ing and  transportation.  Some  of  thia  equipment  was  in  com- 
paratively good  condition,  and  the  rest  was  practically  worthless. 

2  150-hp.  steam  launches. 

1  Craneboat,  40  tons  capacity  (La  Valley,  still  in  com- 
mission) , 

1  Craneboat,  5  tons  capacity, 

1  Pontoon  clam-shell  dredge  (small), 

1  Steam  drill-barge ;  built  somewhat  on  plan  of  American 

drill  barge  "Teredo", 
12  Lighters  (100  and  150  tons  capacity)  for  transporting 

coal,  water,  etc., 
4  "Wooden  lighters,  equipped  with  sails,  for  coal  service 
(sunk  at  Mindi,  Gatun,  Gatuncilla,  and  Trinidad), 

2  Steam  launches,  35  hp., 

4  Lobnitz  steam  launches,  150  hp., 

4  Lobnitz  steam  launches,  100  hp., 

5  Lobnitz  steam  launches,  75  hp., 
4  Lobnitz  steam  launches,  50  hp., 
2  Lobnitz  steam  launches,  35  hp., 

2  Small  tugs  named  "Falcon"  and  "Game  Cock", 

2  Clam-shell  dredges,  small  (not  erected), 

2  Water  boats,  steam ;  Sanidad  type, 

9  Steam  launches,  150  to  35  hp. 
Suction  Dredges. 

Four  suction  dredges  were  purchased  by  the  French  com- 
panies (see  Plate  V) ;  two  worked  at  San  Pablo  and  two  at 
Gorgona.  In  1889,  a  freshet  in  the  Chagres  River  grounded 
one  of  the  Gorgona  dredges  and  sank  the  other  three.  In  the 
following  dry  season  all  were  recovered.     These  dredges  had 
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iron  box  hulls,  70'  x  19'  x  9',  and  were  equipped  with  a  16-inch 
centrifugal  pump,  belt-driven,  and  Scotch  marine  boilers.  Sub- 
sequent to  the  purchase  of  the  above  suction  dredges,  22  small 
barges  with  dimensions  approximately  similar  to  the  foregoing, 
were  equipped  with  "Invincible"  English-make  centrifugal 
pumps.  Only  14  of  the  22  were  put  in  service ;  for  these  dredges 
were  not  found  suitable,  on  account  of  ineffective  pumps. 

Later,  a  scheme  for  using  hydraulic  monitors  (sluicing) 
was  tried  out,  with  water  pressure  furnished  by  three  high- 
power  pumps  mounted  on  launches.  Five  of  these  outfits  were 
built,  but  they  were  not  found  satisfactory. 

THE  AMERICAN  DREDGING,  ATLANTIC  DIVISION. 

The  Atlantic  Division  comprises  the  reach  from  deep  sea  in 
Limon  Bay  to  and  including  the  Gatun  Dam. 

The  dredging  in  this  Division  was  begun  by  the  use  of 
Belgian  Dredge  No.  1  of  the  ladder  type  (see  Plate  II),  which 
operated  during  1905  and  1906  in  keeping  open  the  passages 
into  the  Colon  and  Cristobal  wharves.  The  material  handled 
was  soft  mud,  with  some  coral  sand  and  rock. 

Mr.  P.  B.  Maltby,  Division  Engineer,  assumed  charge  of  all 
dredging  in  this  and  the  Pacific  Division  early  in  the  year  1905, 
and  Ladder  Dredge  No.  1  was  handled  under  his  direction.  A 
small  12-in.  dredge,  constructed  of  an  old  French  hull  and  a 
modern  American  pump,  was  built  in  1906  and  started  on  the 
excavation  of  the  French  Canal  from  Dry  Dock  to  Mindi,  that 
part  of  the  French  Canal  having  silted  up  to  such  an  extent 
that  only  a  row  boat  could  pass  along  it.  This  excavation  was 
necessary  to  allow  rock  from  Porto  Bello  crushers  and  sand 
from  Nombre  to  reach  the  Gatun  site ;  cement  was  also  sent  in 
barges  from  the  ship's  side  through  this  channel,  and  much  of 
the  dredged  material  from  the  canal,  at  the  intersection  of  the 
French  Canal,  was  passed  out  this  route  and  dumped  in  deep 
water. 

The  plans  for  the  seagoing  suction  dredges  "Ancon" 
(afterwards  named  "Caribbean")  and  "Culebra"  (see  Plate 
VI);  sister  ships,  based  on  the  seagoing  dredges  "Atlantic"  and 
"Manhattan",  used  in  New  York  Harbor,  also  the  plans  for 
the  pipe-line  double-suction  20-in.  dredges,  No.   82,  No..  83,, 
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"Sandpiper"  and  No.  85  (see  Plate  VII),  were  made  in  1905, 
1906  and  1907,  under  Mr.  Maltby's  direction. 

The  contract  for  the  seagoing  suction  dredges  "Ancon" 
and  "Culebra"  was  given  to  the  Maryland  Steel  Co.,  Sparrows 
Point,  Maryland,  at  $362,425.00  for  each  dredge.  The  "An- 
con", the  first  dredge  received,  arrived  at  Cristobal  in  August, 
1907,  and  as  soon  as  it  could  be  placed  in  proper  condition  for 
work,  which  was  about  two  weeks  later,  began  excavating  the 
new  channel. 

During  the  year  1905,  bids  were  received  from  several 
builders  of  dredges  for  furnishing  two  five-yard  dipper  dredges 
delivered  complete,  ready  for  service  on  the  Isthmus,  one  on 
the  Atlantic  and  one  on  the  Pacific  side. 

The  dredge  "Chagres"  (see  Plate  VIII)  was  built  on  the 
Isthmus,  having  been  received  knocked  down,  and  went  into 
commission  at  Cristobal  in  March,  1907. 

Belgian  ladder  dredges  Nos.  1,  5  and  6  were  rebuilt  from 
time  to  time  in  the  dry  dock  at  Cristobal,  and  were  placed  in 
commission  as  soon  as  ready.  Spoil  from  these  and  the  5-yard 
dipper  dredges  was  handled  by  French  clapets  and  the  400-cu. 
yd.  mud  scows  that  were  purchased  in  the  States  in  1907  and 
1908. 

Deck  lighters,  launches,  oil  barges,  etc.,  were  purchased 
or  built  at  Cristobal. 

The  Panama  Canal  from  deep  sea  to  Gatun  is  in  two  tan- 
gents, with  a  slight  curve  to  the  right  at  Mindi,  near  the  cross- 
ing of  the  French  Canal;  and  the  material  to  be  dredged,  from 
Mile  0  at  the  42-foot  contour  of  Limon  Bay,  to  Mile  3,  was 
composed  almost  entirely  of  silt  and  was  removed  by  the  sea- 
going suction  dredge  "Caribbean". 

The  material  from  Mile  3  to  Mile  3%  was  composed  of  silt, 
coral  rock,  and  soft  blue  rock,  and  was  dredged  by  ladder  and 
dipper  dredges ;  Mile  3%  to  Mile  4%,  the  shore  line  of  Limon 
Bay,  the  material  was  silt  with  occasional  beds  of  soft  rock, 
removed  by  ladder  and  dipper  dredges ;  Mile  4%  to  intersection 
of  French  Canal,  the  material  was  soft  blue  rock  and  hard  clay. 
This  section  was  bored  by  well  drills,  holes  being  bored  about 
15  feet  each  way  and  carried  five  feet  below  grade  required, 
or  46  feet  below  mean  tide;  as  many  as  150  holes  were  ex- 
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ploded  at  a  time.  These  holes  were  not  sprung,  but  were  filled 
with  60%  dynamite  from  bottom  to  top  and  exploded  with  the 
ordinary  detonator,  with  current  furnished  from  the  lighting 
plant  of  one  of  the  dredges.  This  method  was  devised  by  Mr. 
Wm,  Gerig,  Division  Engineer,  who  succeeded  Mr.  Maltby  as 
Division  Engineer,  February  1st,  1907. 

Intersection  French  Canal  to  Mile  6:  Mindi  Divide,  soft 
blue  rock,  blasted  and  excavated  in  the  dry  by  steam  shovels; 
boring  done  by  tripod  and  well  drills,  the  pit  being  kept  free 
from  water  by  pumps  during  the  progress  of  the  work. 

Mile  6  to  Gatun  Locks :  Mud,  clay  and  occasional  soft  rock 
areas ;  almost  all  excavated  by  pipe-line  suction  dredges. 

All  dredging  done  in  this  division  has  been  divided  among 
the  various  kinds  of  material  to  be  handled  in  the  most  ad- 
vantageous way;  viz.,  the  various  suction  dredges  handled  the 
softest  materials,  consisting  of  silt,  sand,  etc.,  while  the  French 
ladders  and  the  5-yard  dippers  handled  the  various  harder 
strata,  consisting  of  coral  rock  and  the  characteristic  argil- 
laceous sandstone  that  is  the  prevailing  rock  on  the  Atlantic 
side. 

Table  I  gives  a  list  of  the  dredging  equipment  used  in  this 
Division. 
Dredging  Fill  in  Gatun  Dam. 

Dredging  work  on  Gatun  Dam  was  begun  in  December, 
1908,  by  cleaning  all  objectionable  material  from  the  area  to  be 
dredged.  Two  borrow  pits  were  made,  one  south  and  one  north 
of  the  dam. 

Bock  retaining  walls  were  made,  by  dumping  rock  from  rail- 
road tracks  on  both  the  north  and  south  toes  of  the  dam,  and 
the  hydraulic  material  was  deposited  between  these  walls.  An 
efficient  system  of  drainage  was  provided  by  installing  two  sets 
of  drain  pipes,  with  three  20-in.  pipes,  with  light  flange  and 
bolt  connections  in  each  set.  These  pipes  were  carried  on  a 
slight  up-grade  through  the  rock  toes  near  the  original  ground 
level  until  near  the  axis  of  the  dam,  along  which  a  bonding 
ditch  about  20  ft.  wide  and  varying  in  depth  had  been  cut ;  a 
ninety-degree  elbow  was  here  connected,  with  the  projecting 
end  of  the  pipe  vertical,  and  short  sections  of  pipe  added  from 
time  to  time  as  the  fill  progressed,  about  one  foot  depth  of 
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TABLE  I, 
Plant— Atlantic  Dredging. 


Name  Type  Dimensions 

is.  1,  5,  and  6      Ladder  dredges       112'  x  29'  6"  x  11' 


Complement 
Officers    Men 


No.  3 
No.  4 
Nombre 


Sandpiper 

No.  82,  No.  S3 
No.  86 


Clam  shell  112'  x  29'  6"  x  11'  6" 

18-in.  Pipe-line  112' x  29'  6"  x  11'  6" 

12-in.  Pipe-line  80'  S"xl6'  5"x7'  7" 

20-in.  Pipe-line  124'  3"  x  36'  6"  x  9' 

20-in.  Pipe-line  150'  x  40'  x  10'  6" 

5-yd.  dipper  110'  x  38'  x  11' 

5-yd.  dipper  110'  x  38'  x  11' 

20-in.  sea-going  288'  x  47'  6"  x  27' 
suction 


How  acquired 
From     French ;     rebuilt     Cristobal 

Drydock  1907-9  S        40 

From  French;  rebuilt  Cristobal  Dr, 

dock  1908  3        21 

From  French;  rebuilt  Cristobal  Dry- 
dock  1908-9  11        58 
Hull    from   French;    Morriss    18-in. 

pump,  water   tube   boilers,   rebuilt 

Cristobal  Drydock  1910  11         5S 

Purchased  from  Maryland  Steel  Co., 

Sparrows  Point,  Md.,  1908 
Purchased    from    Ellicott    Machine 

Corp.,  Baltimore,  Md.,  1910 
Purchased   from  Featherstone  Fndy. 

&  Mchy  Co.,  Chicago,  Dl.,  1906 
Purchased     from     Atlantic    Gulf    & 

Pacific  Co.,  Cristobal,  C.  2.,  1907 
Purchased  from  Maryland  Steel  Co., 

Sparrows  Point,  Md.,  1907 


Remarks 

Cost  or 

appraised  value 


Mindi 

Cliagres 

Caribbean 

Clapets— 

No.  12,  No.  14        Self-propelling  138'  6"x25'  6"xl5'  10"      From  French;  rebuilt  Cristobal  Dry- 
clump  barges  dock  190510 

No.  3,  No.  4  Self-propelling  140'  3"x26'  6"xl4'  0"         From  French;  rebuilt  Cristobal  Dry- 

dump  barges  dock  1905-10 

No.  2  Self-propelling  136'  6"  x  26'  3"  x  14'  C"         From  French;  rebuilt  Cristobal  Dry- 

dock  1905-10 


Tugs- 
Balboa 

DeLcsseps 

Gatun 

Bo  bio 

Porto  Bello 

Empire 


dump  barges 

Supply  tender  60'  x  12'  x  8' 

"  "  67'  6"xl5'x9' 

Sea-going  tug  101' x  22' x  12'  6" 

"       "  104' x  21' x  11'  6" 

"      "        "  J26'x23'  5"xl4'  5" 


From  French;  rebuilt  Laboca  Ship- 
ways  1906-7 

From  French;  rubuilt  Cristobal  Dry- 
dock  1909-11 

Built  in  Philadelphia,  Pa.,  1902,  pur- 
chased in  New  York,  1906 

Built  in  Camden,  N.  J.,  1905,  pur- 
chased in  Norfolk,  Va.,  1908 


Built  in  Baltimore,  Md.,  1906,  pur- 
chased 1907 
120'x-24'xl4'  6"  Built   Port   Richmond,   N    Y,   1909, 

purchased  1909 
Nine  dump  scows  used  in  the  dredging  service,  126' x  31' x  10'  6",  built  by  the  Newport  News  Ship- 
building &  Drydock  Company,  Newport  News,  Va.,  and  towed  to  the  Isthmus  in  1908 


1 

58 

$98,550 

.1 

58 

$160,000 

4 

27 

$100,000 

4 

27 

$08,550 

9 

57 

$302,425 

4 

20 

$20,000  each 

4 

20 

$20,000  each 

4 

20 

$20,000 

2 

10 

$10,000 

2 

10 

4 

20 

$42,000 

4 

20 

$57,000 

t 

20 

$55,000 

4 

26 

$75,500 
$20,083  each 

La  Valley 


Crane  boat 


160' x  40' x  15' 


72'  6"  x  18'  6"  x  7'  6" 


From  French  Canal  Company;  oper- 
ated by  Panama  B.  R.  Co.  until 
American  canal  operations  coin* 
me  need 

From  French  Co. ;  French  barge 
hull  rebuilt  at  Cristobal  Drydock 
in  1910  and  battery  of  churn  drills 
mounted  for  subaqueous  rock  ex- 
cavation 


Above  equipment  served  by  miscellaneous  steam  and  gasoline  launches,  floating  piledrivers,  lighters,  etc. 
•  No.  6  sunk  June  19,  1911. 


Digitized  by  Microsoft® 


DREDGING  467 

water  being  placed  on  the  surface  of  the  fill  to  avoid  scour  and 
waste  of  material. 

This  method  forced  considerable  drainage  through  the 
rock  toes,  and  deposited  large  quantities  of  dredged  material 
in  the  rock,  thereby  reducing  settlement  of  the  dry  fill  and 
making  it  more  impervious  to  water. 

The  dredged  material  varied  from  a  black  alluvial  soil  on 
top,  at  elevation  -j-  5  feet,  to  a  hard,  tough,  red  clay  below  at 
elevation  —  36  feet,  which  varied  in  density  in  different  parts 
of  the  borrow  pits. 

Up  to  August,  1909,  all  hydraulic  material  had  been  taken 
from  north  of  the  dam;  after  this  date,  from  both  north  and 
south. 

By  December,  1909,  the  surface  of  the  fill  had  reached  an 
elevation  which,  owing  to  the  length  of  pipe-line,  made  it  im- 
practicable to  continue  without  relay  pumps.  The  cost  of 
dredging  at  this  time  had  risen  to  $0,167  per  yard. 

Twenty-inch  electric-driven  centrifugal  pumps,  directly 
connected  to  550-hp.  motors,  supplied  with  current  at  2200 
volts,  were  installed  on  the  toes  of  the  dam,  with  centers  at 
elevation  +  35  ft. 

The  first  of  these  relays  was  started  on  January  23,  1910 ; 
the  second,  one  week  later,  on  the  north  side,  eastern  section ; 
and  the  third,  on  the  south  side,  March  2nd  of  the  same  year. 

It  was  found  desirable  to  discharge  the  dredged  material 
into  both  sides  of  the  fill  simultaneously,  thereby  depositing  the 
coarser  and  heavier  material  along  the  rock  toes  and  forcing 
the  light  and  less  desirable  material  to  the  center,  allowing  it 
to  be  wasted  through  the  drains  situated  on  the  axis  of  the 
dam.  Also,  by  this  method,  a  great  amount  of  the  lighter  and 
more  undesirable  material  was  passed  through  the  toes  and 
out  of  the  drain  pipes.  Borrow  pit  measurements  show  that 
16,528,897  cubic  yards  were  deposited;  only  10,728,965  cubic 
yards  of  which  remain  in  the  completed  dam. 

As  the  dam  height  increased,  it  was  found  that  elevation 
+  72  feet  was  about  the  economical  limit  for  a  dredge  with  the 
assistance  of  one  relay  pump;  above  this  height,  two  relays 
were  used. 

Dredges  and  relays  were  moved  from  time  to  time  to  get 
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different  classes  of  material,  it  being  the  policy  not  to  allow 
a  heavy  deposit  of  one  class  of  material,  but  to  obtain  a  uniform 
ultimate  mixture  of  clay  and  sand. 

A  dredge  storehouse  for  supplies  and  spares  was  located 
at  Gatun;  the  repair  shops  were  located  at  Cristobal,  seven 
miles  distant  by  water. 

In  spite  of  the  distance  to  the  repair  shop  and  the  losses — 
which  varied  from  65.8%  in  1912  and  34%  in  1911,  to  30%  in 
1909  and  1910,  caused  almost  entirely  by  material  in  suspension 
being  carried  off  through  drains — material  was  handled  at  a 
cost  of  $0.2768  per  cubic  yard  for  net  embankment  in  place, 
and  $0.1938  per  cu.  yd.  on  the  basis  of  borrow-pit  meas- 
urement. 

The  plants  handling  this  work  were  20-in.  split,  or  double 
suction,  pump  dredges,  Nos.  82,  83,  84  and  85,  equipped  with 
tandem  compound  Ideal  engines,  with  12-in.  and  22-in.  by  16-in. 
cylinders,  170  to  200  r.p.m.,  150  lbs.  steam  pressure,  and  de- 
veloping about  540  indicated  hp.  for  each  pair,  driving  84-in. 
shrouded  impellers;  and  20-in.  single-suction  Dredge  No.  86, 
with  96-in.  diameter  impeller  driven  by  a  triple-expansion 
marine-type  engine,  cylinders  14  in. — 22%  in. — 40  in.  by  20  in., 
190  to  200  r.p.m.,  steam  pressure  200  lbs.,  developing  over  800 
hp.  All  pumps,  dredges  and  relays,  were  fitted  with  removable 
liners  and  impeller  shroud  plates,  throat  rings,  etc.  All  dredges 
were  built  by  the  Maryland  Steel  Company,  and  the  Ellicott 
Machine  Company,  both  of  Baltimore,  Maryland. 

Experience  showed  that  in  placing  hydraulic  fill  at  high 
elevations  with  dredges  of  the  double-suction  type  used,  eleva- 
tion -)-  35  and  a  pipe-line  of  3000  feet  length  was  about  the 
economical  limit;  that  a  20-in.  electrically-driven  relay  pump, 
with  550-hp.  motor,  located  at  this  elevation  (+  35)  would  de- 
liver through  3000  feet  of  pipe  to  +  70  feet ;  and  that  a  second 
relay  at  about  elevation  +  70  would  in  turn  deliver  through 
3000  feet  of  pipe  to  an  elevation  of  +  105  (9000  feet  of  pipe 
in  all),  in  quantities  to  place  heavy  sand  and  clay,  during  the 
last  months  of  the  fill  and  extreme  elevation,  at  a  cost  of  $0.1863 
per  cubic  yard,  which  was  slightly  below  the  average  for  the 
entire  fill. 

This  work  was  under  the  charge,  as  Resident  Engineer, 
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of  Major  Geo.  M.  Hoffman,  Corps  of  Engineers,  U.  S.  Army, 
and  Mr.  Charles  A.  Black  as  Superintendent. 
The  Inner  Harbor  at  Cristobal. 

The  development  of  the  inner  harbor  at  Cristobal  has  been 
a  gradual  growth,  as  the  scheme  is  located  in  and  by  the  French 
Canal,  about  %  mile  distant  from  the  American  Canal  channel. 
The  opening  of  the  French  Canal  from  Limon  Bay  to  the  Dry 
Dock  was  necessary,  as  on  this  part  of  the  channel  the  wharves 
for  construction  material  were  built,  although  all  commercial 
freight  in  the  early  days  of  the  Canal  was  handled  at  the  Colon 
wharves.  Harbor  enlargements  were  made  and  commodious, 
modern,  ferro-concrete  wharves  were  built  outside  of  Cristobal 
Point,  on  land  reclaimed  from  the  sea,  and  a  channel  excavated 
from  the  French  Canal  to  the  wharves. 

The  French  Canal  north  of  the  Dry  Dock  was  also  en- 
larged, and  a  modern  coaling  station  is  being  built  on  the  west 
side,  with  railway  communication  to  Cristobal  by  a  swing 
bridge,  one-quarter  mile  south  of  Dry  Dock. 

Material  excavated  in  the  harbor  and  approach  channel 
consisted  of  silt,  coral,  coral  sand  and  the  characteristic  blue 
argillaceous  sandstone  of  the  Atlantic  section. 

Twenty-inch  pipe-line  suction  dredges,  French  ladder 
dredges,  seagoing  hopper  dredges,  and  5-yard  dippers,  have 
excavated  this  harbor. 

Material:  4,915,727  silt;  924,960  coral;  28,097  rock. 
Dredging  for  the  Breakwater,  Colon. 

No  dredging  was  done  for  the  west  breakwater  in  Limon 
Bay,  although  large  quantities  of  material  excavated  from  the 
Canal  and  the  harbor  were  dumped  along  the  sea  or  outer  face, 
this  being  an  economical  haul  for  the  dredged  material  and  also 
adding  to  the  breakwater  volume. 

The  ground  elevation  of  the  line  of  the  east  breakwater  is 
about  —  42  feet,  and  a  double  trestle,  carrying  two  lines  of 
railroad  track  with  frequent  cross-overs,  has  been  built  along 
the  axis  of  the  breakwater.  Rock  is  dumped  on  both  sides  of 
this  trestle  up  to  about  elevation  —20  feet,  when  the  rock 
dumping  is  discontinued  and  coral  sand  and  rock  are  pumped 
in  from  a  20-in.  suction  dredge  at  Coco  Solo  Point,  about  a  mile 
distant  from  the  breakwater.    More  rock  is  then  dumped,  and 
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sand  fill  made  up  to  —12  feet,  when  the  sand  fill  is  discon- 
tinued and  the  crown  is  made  of  Sosa  rock.  Coral  rock  from 
the  harbor  excavation  and  hopper  contents  from  suction  dredge 
"Caribbean"  are  also  dumped  on  the  toes  and  in  the  line  of 
the  breakwater. 

It  is  intended  to  deposit  this  special  sand  and  coral  rock 
fill  over  the  entire  line  of  the  east  breakwater,  the  material  to 
pass  from  the  dredge  through  one  and  two  electric  relays  on 
the  trestle.  Until  the  first  relay  can  be  built,  however,  the 
material  from  the  shore  dredge  is  directly  relayed  through  a 
second  20-in.  dredge,  about  1500  feet  distant  from  the  first. 
Rough  seas  make  this  arrangement  necessary. 

It  is  thought  that  this  method  of  building  a  breakwater  is 
original. 
Nombre  de  Dios  Sand  Dredging. 

The  construction  of  the  locks  at  Gatun  required  approxi- 
mately 1,000,000  cubic  yards  of  sand,  and,  after  searching  both 
the  Atlantic  and  Pacific  Coasts  for  material,  it  was  finally  de- 
termined by  the  then  Division  Engineer  to  procure  this  material 
at  the  old  Spanish  port  of  Nombre  de  Dios,  where  a  sand  bank 
had  formed  from  the  detritus  of  two  small  rivers.  This  re- 
quired a  25-mile  haul,  through  rough  seas ;  and  as  some  silt 
had  settled  on  top  of  the  sand,  it  proved  quite  expensive  to 
handle. 

Sand  at  Nombre  was  handled  by  various  methods,  among 
them  being:  (1)  dipper  dredge  to  take  off  the  top  silt,  followed 
by  a  16-in.  pipe-line  dredge,  discharging  directly  into  barges; 
(2)  locomotive  crane,  with  clam  shell,  on  shore  handling  into 
cars,  dumped  from  trestle  into  barges ;  a  double-ended  2-cu.  yd. 
bucket,  clam-shell  dredge,  and,  lastly,  an  18-in.  pipe-line  dredge, 
No.  4. 

Operations  were  begun  at  Nombre  de  Dios  in  March,  1909, 
and  closed  in  November,  1911,  during  which  time  there  was 
secured  from  this  pit,  and  put  in  storage,  785,893  cubic  yards 
of  sand,  at  an  average  cost  of  $1.9176  per  cubic  yard. 

43,851  cubic  yards  of  sand  were  dredged  by  20-in.  pipe- 
line dredge  immediately  below  the  dam  at  Gatun  at  a  cost  of 
$0.5188  per  cubic  yard.  The  remainder  of  the  sand  required 
was  dredged  at  Chame  Point,  on  the  Pacific  Coast,  unloaded  at 
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Balboa  Sand  Handling  Plant,   and  transported  to   Gatun  on 
railroad  cars. 

PACIFIC  DIVISION. 

This  division  extended  from  Pedro  Miguel  to  the  45-foot 
mean-tide  contour  in  the  Bay  of  Panama,  and  the  dredging 
work  consisted  in  the  excavation  of  the  500-foot  bottom  width 
channel  from  Miraflores  locks  to  the  above  mentioned  contour ; 
also  the  completion  of  the  fresh-water  channel  of  similar  width 
in  Miraflores  Lake,  which  had  been  partially  excavated  by 
steam  shovels. 

The  plant  available  on  the  Pacific  side  for  this  work  in- 
cluded four  French  ladder  dredges — -"Mole",  "Gopher", 
"Marmot",  and  "Badger" — of  which  the  first  two  were  of 
the  marine  type  (see  Plate  I),  and  the  second  two  of  the  "box" 
or  Belgian  type  (see  Plate  II),  each  with  an  endless  chain  of 
17-cubic-foot  buckets,  running  14  to  18  to  the  minute.  Con- 
sidering their  power,  these  dredges  were  very  efficient  in  the 
softer  material  of  this  channel,  the  record  for  French  ladder 
dredges  being  held  by  the  "Marmot",  with  219,795  cubic 
yards  in  one  calendar  month. 

The  remaining  dredging  plant  comprised  one  5-yard  dip- 
per dredge,  "Cardenas"  (see  Plate  VIII),  similar  to  the 
dredge  "Chagres"  of  the  Atlantic  Division;  one  twin-screw 
seagoing  suction  dredge,  the  "Culebra"  (see  Plate  VI),  with 
two  20-in.  suction  pumps  discharging  into  self-contained  hop- 
pers holding  2200  yards,  similar  to  dredge  "Caribbean"  in 
Atlantic  Division;  and  one  modern  twin-screw  ladder  dredge, 
the  "Corozal"  (see  Plate  IX),  with  mud  buckets  of  54  cubic 
feet  capacity,  and  rock  buckets  of  34  cubic  feet,  and  able  to 
excavate  50  feet  below  the  surface  of  the  water. 

From  section  2285, — the  junction  of  the  American  and 
French  Canals,  a  point  about  2000  feet  south  of  the  old  French 
wharf  at  Balboa — to  deep  sea,  the  material  to  be  excavated 
consisted  altogether  of  silt  and  clay.  The  shoaler  parts  of  this 
stretch,  and  the  heavy  clays  of  the  bottom,  were  excavated  by 
the  French  ladder  dredges,  and  the  spoil  dumped  from  the  mud 
scows  to  the  west  of  the  Canal. 

From  section  2285  northward,  the  material  consisted  of  a 
top  layer  of  silt,  then  stiff  clay  and  then  rock  of  different  de- 
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grees  of  hardness,  especially  hard  rock  shoals  occurring  at  sec- 
tions 2074  (Mirafiores  lock)  to  2135,  2140  to  2150,  2160,  2188 
to  2200,  2215  to  2225,  2260,  and  2280.  Over  the  intervening 
sections  soft  rock  of  varying  degrees  of  density  occurred  from 
10  to  25  feet  thick. 

The  3-drill  boat,  "Teredo"  (see  Plate  XII),  was  used  on 
most  of  the  hard  rock  work.  The  rock  was  drilled  in  5-foot  sec- 
tions, and  the  holes  were  loaded  from  the  bottom  of  the  drilled 
hole,  5  feet  below  the  grade  required,  to  the  surface  of  the  hard 
rock  with  special  2  in.  by  8  in.,  60%  dynamite  cartridges ;  about 
2.5  lbs.  of  explosive  being  used  to  the  cubic  yard  of  rock.  The 
holes  were  exploded  weekly. 

Where  the  hard  rock  required  to  be  removed  to  a  depth  of 
only  a  few  feet,  the  Lobnitz  rock  breaker,  "Vulcan"  (see  Plate 
XIII),  operating  first  a  19-  and  afterwards  a  22%-ton  ram, 
was  used,  with  centers  four  feet  apart.  The  hard  rock  was 
broken  into  small  fragments  and  afterwards  dredged  by  a 
French  ladder  dredge.  Repeated  dredging  was  required  as 
the  layers  were  broken  up,  from  1.5  feet  to  3  feet  being  re- 
moved at  each  dredging. 

In  order  to  avoid  the  delay  and  expense  of  breaking  or 
blasting,  it  was  thought  that  a  high-powered  modern  dredge 
would  cut  the  softer  rocks  in  the  section  from  Balboa  Wharf 
to  Mirafiores  lock.  On  this  assumption  the  "Corozal"  was 
purchased,  and  proved  amply  able  to  handle  this  work  with  an 
output  varying  from  3000  to  10,000  yards  of  rock  per  24-hour 
day ;  the  harder  parts  of  the  soft  rocks  were  handled  by  cutting 
6-inch  layers,  the  softer  as  much  as  4  feet  at  one  passing  of  the 
dredge.  This  dredge  also  was  very  efficient  in  the  rock  of  the 
harder  shoals,  after  blasting  by  the  "Teredo",  but  not  so 
efficient  in  the  Culebra  Cut  work,  where  very  large  pieces  of 
rock  were  encountered  in  places  where  there  was  not  sufficient 
depth  of  water  for  the  dredge  to  get  directly  over  the  rock. 

Excavation  was  begun  in  the  sea  entrance  of  the  Ameri- 
can channel,  June  1907,  by  the  French  ladder  dredge  "Mole", 
at  Section  2371,  in  about  18  feet  of  water,  low  tide ;  the  material 
was  loaded  in  French  steam  dump  scows  or  clapets,  and  dumped 
on  a  short  haul  %  mile  to  the  west  of  the  line  of  Canal.  The 
5-yard  dipper  dredge  "Cardenas"  was  put  into  commission 
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at  about  the  same  time,  at  the  intersection  of  American  and 
French  canals,  and  the  material  was  also  handled  in  clapets. 
The  two  20-in.  pump  suction  dredge  ' '  Culebra ' '  went  into  com- 
mission in  January,  1908,  excavating  the  channel  seaward  from 
the  initial  cut  of  the  "Mole".  The  new  channel  was  opened 
to  commercial  shipping  from  the  45-foot  contour,  Panama  Bay, 
to  La  Boca  wharf,  February  1,  1909,  other  dredges  being  added 
from  time  to  time  as  they  were  rebuilt  or  purchased  and  put 
in  commission. 

The  material  north  of  Station  2155  to  Miraflores  locks, 
Station  2075,  being  mostly  hard  rock,  was  planned  to  be  taken 
out  by  dry  excavation,  and  a  coffer-dam  was  built  across  the 
canal  at  the  former  station  and  partially  excavated  by  means 
of  hydraulic  nozzles  and  sump  pumps.  Star  drills  and  dry 
blasting  were  then  used  to  break  up  the  rock,  and  the  rock 
almost  entirely  taken  out,  from  Miraflores  Lock  to  Station 
2114. 

It  was  thought  that  the  dredges  could  take  out  the  blasted 
rock  cheaper  than  the  steam  shovels,  and  being  pressed  for 
time,  a  second  coffer-dam  was  built  at  Station  2114  and  all 
material  south  of  this  site  was  excavated  by  the  dredges,  in- 
cluding the  coffer-dam  at  Station  2155;  when  this  was  com- 
pleted the  second  coffer-dam  was  removed  by  the  dredges,  thus 
flooding  the  channel  to  the  locks. 

The  ladder  dredge  "Corozal"  and  two  of  the  French  lad- 
der dredges  were  removed  to  Culebra  Cut,  on  account  of  more 
urgent  work  there,  in  November,  1913;  and  this  channel,  al- 
though equal  to  all  the  demands  of  commerce,  is  not  completed 
at  the  present  date,  March  1,  1915,  there  remaining  685,300 
yards  of  earth  and  524,200  yards  rock  to  be  excavated. 
Hydraulic  Excavation. 

It  was  originally  planned  to  excavate  the  material,  other 
than  the  rock  in  the  lock  site  for  the  Miraflores  lock  and  the 
Canal  channel  itself,  for  a  distance  of  1%  miles  south  of  Mira- 
flores lock,  by  means  of  a  hydraulic  excavation  plant,  as  a  large 
part  of  this  material  was  required  in  the  Miraflores  Dam,  to 
confine  the  water  of  Miraflores  Lake  to  the  55-foot  level.  The 
remaining  material  was  to  be  used  in  reclaiming  the  swamps 
in  the  neighborhood,  the  underlying  rock,  to  required  grade,  to 
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be  excavated  by  steam  shovels.  This  plan  was  thought  neces- 
sary because  of  the  difficulty  of  placing  hydraulic  dredges  in 
this  area. 

Two  principal  operations  were  involved,  viz.,  disintegrating 
the  material  and  washing  it  to  sumps  by  means  of  water  jets 
under  high  pressure,  and  lifting  and  conveying  the  material 
through  flumes  by  means  of  dredging  pumps. 

The  plant  consisted  of  the  following  parts : 
1st.     A  central  pumping  station. 
2nd.     Pipe  lines  and  hydraulic  monitors. 
3rd.     Dredging  pumps. 

The  pumping  station  was  centrally  located,  with  reference 
to  the  area  to  be  excavated,  on  the  bank  of  the  Rio  Grande 
west  of  the  Canal,  on  a  rock  foundation.  The  pump  room  was 
50  by  100  feet,  boiler  room  40  by  100  feet.  Four  Worthington 
horizontal,  direct-acting,  triple-expansion  pumping  engines 
with  24-inch  stroke,  24%-in.  water  cylinders,  19-,  30-  and  50- 
inch  steam  cylinders  were  installed.  Each  pump  was  pro- 
vided with  a  surface  condenser  and  a  direct-acting,  single- 
cylinder  12-  by  20-  by  24-inch  vacuum  pump.  All  pumps  dis- 
charged into  a  common  delivery  pipe  and  were  equipped  with 
the  necessary  check  and  gate  valves. 

The  boiler  equipment  consisted  of  four  Babcock  &  "Wilcox 
water-tube  boilers,  each  boiler  with  4500  square  feet  of  heat- 
ing surface  and  designed  for  working  pressure  of  150  lbs.  with- 
out superheat,  and  arranged  for  using  either  oil  or  coal  as  fuel. 
The  steel  smokestack  was  9.5  feet  by  150  feet;  fuel  oil  tanks 
of  4000  barrels  were  located  nearby. 

Pipe  Lines  and  Monitors.  The  supply  main  from  pumping 
station  was  3600  feet  long,  and  consisted  of  2000  feet  of  40-in., 
800  feet  of  32-in.  and  800  feet  of  24-in.  spiral  riveted  pipe,  in 
30  feet  lengths.  There  were  five  air  valves  in  the  main  line  and 
12  tees  for  connecting  branch  lines  to  monitors;  the  branch 
lines  were  16-in.  spiral  pipe ;  the  hydraulic  giants  or  nozzles, 
fitted  with  special  deflecting  nozzles,  were  manufactured  by 
Joshua  Hendy  Iron  Works. 

Dredging  Pumps.  The  pumps  were  three  18-in.  single- 
suction,  centrifugal  dredging  pumps  direct  connected  to  a  655- 
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horsepower  inductive  motor,  and  were  designed  to  lift  10,000 
gallons  per  minute  of  salt  water  with  10%  solid  matter  against 
a  head  of  60  feet. 

The  motors  were  Westinghouse  standard,  designed  for 
three-phase  alternating  current  at  2080  volts  and  25  cycles. 
Each  pump,  together  with  its  motor,  switchboard  and  priming 
pump,  was  mounted  on  a  reinforced  concrete  barge. 

Method  of  Operation.  Two  dams  were  built,  one  across 
the  bed  of  the  Rio  Grande,  west  of  the  Canal,  and  the  other 
across  the  Canal,  at  Station  2155,  diverting  the  river  by 
these  means.  The  water  in  the  enclosed  area  was  lowered  by 
pumping  until  just  enough  remained  to  float  the  barges,  and 
the  giants  operated  in  the  vicinity  of  the  barges,  so  as  to  lower 
them  to  bed  rock,  partially  flooding  the  cut  when  necessary  to 
move  the  barges.  The  dredge  pumps  lifted  the  diluted  ma- 
terial into  the  dam  and  on  to  the  dump. 

Some  modifications  of  the  above  operations  were  made 
from  time  to  time  to  meet  conditions;  chiefly  in  abandonment 
of  the  concrete  barges  and  the  placing  of  dredge  pumps  directly 
on  the  rock. 

The  amount  excavated  by  this  method  during  the  life  of 
the  plant  on  this  site  was  1,549,904  cubic  yards,  at  an  average 
cost  of  $0.6959  per  cubic  yard,  the  entire  plant  charge,  $432,- 
841.92,  being  absorbed. 
The  Harbor  at  Balboa. 

The  plan  of  the  harbor  involved  the  dredging  of  97.1 
acres  of  the  tidal  marsh  at  the  mouth  of  the  Rio  Grande, 
and  a  part  of  the  river  itself.  This  harbor  has  been  dredged 
almost  altogether  by  pipe-line  20-in.  suction  dredges,  and  is 
now — Feb.  1,  1915 — about  75.3%  completed.  The  dredging 
has  been  carried  on  in  connection  with  the  shore  work  of  build- 
ing the  necessary  wharves  and  piers,  a  wharf  or  section  of  a 
wharf  being  built  in  the  dry,  by  sinking  the  necessary  concrete 
or  steel  caissons  and  completing  the  superstructure,  after 
which  the  dredge  excavated  along  the  front  of  it  to  the  depth 
required. 

The  material  consisted  mostly  of  silt  and  clay  with  oc- 
casional small  rock  shoals,  with  part  of  the  west  toe  of  the  old 
Sosa  Corozal  Dam;  the  silt  was  removed  by  pipe-line  and  sea- 
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going  suction  dredge,  and  the  rock  shoals  and  old  dam  trestle 
and  fill,  by  French  ladder  dredges. 

All  pipe-line  dredging  material  has  been  deposited  in  the 
swamps  north  and  east  of  the  New  Administration  Building  at 
Balboa  Heights,  through  one,  and  at  times  two,  electrically- 
driven  relays,  depending  on  the  length  of  the  pipe-line.  These 
relays  were  made  necessary  by  the  tidal  oscillations  in  Balboa 
harbor,  at  times  as  much  as  20  ft.,  and  the  extreme  length  of 
line,  about  14,000  feet  from  the  dredge. 

The  amount  credited  to  pipe-line  dredges  over  the  work 
is  4,941,268  cubic  yards,  at  a  cost  of  $0.1524  per  yard. 

The  amount  removed  by  ladder  dredges,  of  clay,  rock  and 
silt,  was  486,996  yards,  at  a  cost  of  $0.2645  per  yard. 
Sand — Pacific  Division. 

Large  quantities  of  sand  were  required  for  building  pur- 
poses, especially  for  the  concrete  in  the  Pedro  Miguel  and  Mira- 
flores  locks.  An  extensive  system  of  borings  was  made  at 
Chame  Beach,  about  25  miles  west  of  Panama,  in  the  protected 
harbor  of  Chame  Bay,  for  the  purpose  of  determining  the  quan- 
tity and  quality  of  the  sand  that  could  be  procured  from  this 
site.  The  amount  of  sand  available  was  about  5,000,000  yards 
— a  good,  clean,  white,  silica  sand,  except  that  it  was  rather 
fine  for  concrete  purposes;  but,  as  it  proved  of  much  better 
grade  than  any  other  sand  on  either  side  of  the  Isthmus,  it 
became  the  standard  sand  for  use  on  the  Isthmus;  and  event- 
ually practically  all  sand  used  on  the  Zone  came  from  this 
beach. 

This  beach  was  protected  from  the  swells  of  the  Pacific 
by  a  promontory  south  of  the  bay,  although  not  protected  from 
the  off-shore  trade  winds  during  the  dry  season. 

It  was  first  proposed  to  handle  this  sand  by  a  pipe-line 
dredge,  but  owing  to  the  rough  weather  prevailing  during  four 
months  of  the  year,  the  "Gopher",  one  of  the  French  marine 
type,  17-cu.  ft.  bucket,  ladder  dredges,  was  used.  This  dredge 
proved  well  adapted  for  this  work,  and  was  continued  in 
service  during  the  whole  construction  period,  being  retired 
only  from  time  to  time  for  needed  repairs,  when  its  work  was 
temporarily  assumed  by  a  dredge  of  similar  design. 

One  tug  and  six  500-yd.  barges  were  used  in  the  service 
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TABLE  II. 
Plant — Pacific  Dredging. 


Name 

Type 

Dimensions 

Dredges — 

Cardenas 

'j  yd.  dipper 

110'x38'xll' 

Corozal 

Modern  ladder 

260'  x  43'  x  19'  6" 

Culebra 

20-in.  sea-going 
auction 

288'  x  47'  6"  x  25' 

Marmot  and 

Badger 

Ladder 

112'  2"x29'  C"xl2' 

Gopher  and 

Mole 

Ladder 

170'x2C'x  12' 

How  acquired 


Complement 
Officers    Men 


Clapets— 
Nos.  1,  5,  6,  7,         Self-propelling 

8.  9,  10  and  dump  barges        133'  C"  x  25'  1"  x  IV 

11 


Purchased  from  Atlantic  Gulf  & 
Pacific  Co.,  Balboa,  C.Z.,  1906-7 

Purchased  from  Wni,  Simons  Com- 
pany, Ltd.,  Renfrew,  Scotland, 
1912 

Purchased  from  Maryland  Steel  Co., 
SpaTrows  Point,  Ud,  1907 

From  French,  rebuilt  Balboa  1908-9 

From  French;  Gopher  rebuilt  Balboa 
1907-8.  Mole  operated  by  Panama 
B.  R.  until  American  canal  opera- 
tions began 

From  French}  rebuilt  Balboa 
1905-10 


Built  at  Philadelphia,  Pa.,  1885 

Built  in  Camden,  N.  J.,  1907;  pur- 
chased New  York,  1907 

Built  in  Philadelphia,  Pa.,  1904; 
purchased  in  New  York  1907 

Built  in  Hull,  England,  1899;  pur- 
chased Balboa,  C.Z.,  1907 

Built  at  Wilmington,  Del. ;  purchased 
1910 

Built  in  Camden,  N.  J.,  1906;  pur- 
chased in  Newport  News,  Va.,  1908 

Built  by  Newport  News  Shipbuilding 
22  &    Drydock    Co.,    Newport    News, 

"Va  ,  1908;  towed  to  Isthmus;  used 
in    Atlantic    dredging    until    1912 
when  transferred  to  Pacific  Dredge 
Fleet 
Three  dump  barges,  122' x  31'  6"xl0'  6",  purchased  in  the  United  States,  delivered  knocked-down 
at  Laboca  Sbipways  and  re-assembled  for  dredging  service,  1908 

Four  flump  barges,  154'x32'xl0'  7",  purchased  in   the   United   States,   delivered   knocked-down   at 
Laboca  Shipways  and  re-assembled  for  dredging  service,  1910 

Purchased  from  Lobnitz  &  Co.,  Ren- 
frew, Scotland,  delivered  knocked- 
down  and  re-assembled  at  Laboca 
Shipways  1908 

Purchased  in  United  States,  deliv- 
ered knocked-down  and  re-as- 
sembled  at  Laboca  Shipways  1909 


Tugs- 

Bolivar 

Sea-going  tug 

127'  l"x23'  2"x9' 

LaBoca 

"       "        " 

120'x24'x  13' 

Cocoli 

96'  x  23'  x  12'  4" 

Chame 

M            M               „ 

105' x  20'  3"xl4' 

Miraflores 

M          ..            U 

118'  6"x23'xl2'  6' 

Reliance 

.,          «            U 

134' x  25' x  13'  6" 

Barges — 

Nob   20,  21  and 

Dump  scows 

156'  x  35'  x  12' 

Rock   Breaker 
1  Vulcan" 


Drill   Barge 
' '  Teredo ' ' 


Remarks 

Cost  or 

appraised  value 


$94,500 

$399,540 
$330,000 
$65,000  each 


5 

40 

$54,000  each 

4 

20 

$22,500  each 

4 

2G 

$28,000 

4 

26 

$57,600 

4 

26 

$57,600 

4 

26 

$25,000 

4 

26 

$65,000 

4 

26 

$44,605 

$28,000  each 
$24,300  each 


10  $50,000 


44  $35,727 


Abo'c  equipment  served  by  miscellaneous  steam  and  gasoline  launches,  floating  piledriver,  small  boats,  etc. 


Digitized  by  Microsoft® 


DREDGING  479 

until  June,  1912,  when  the  barges  were  increased  to  nine,  three 
barges  having  been  towed  from  Colon  by  the  Tug  "Reliance", 
R.  B.  Thompson,  Master,  around  South  America,  leaving  Colon 
Feb.  11,  1912,  and  arriving  at  Balboa  June  17,  1912. 

Sand  was  towed  to  the  sand-handling  plant  at  Balboa,  un- 
loaded by  electrically-driven  clam-shell  cranes  into  a  hopper 
of  2000  cubic  yards  capacity,  thence  loaded  into  cars  for  trans- 
port to  the  various  storage  yards. 

Sand  dredging  in  Chame  was  begun  in  September,  1909, 
and  up  to  October  31,  1914,  the  deliveries  at  Balboa  aggregated 
2,007,590  cubic  yards,  at  a  cost  of  $0.7789  per  yard,  delivered 
on  the  work  or  storage  pile. 
Wrecks. 

Many  small  wrecks  were  found  in  the  French  channel 
and  bed  of  the  Rio  Grande;  those  that  appeared  at  low  tide 
were  cleaned  out  and  patched  sufficiently  to  float  over  to  the 
west  shore  of  the  bay  and  allowed  to  fill  with  water.  Two  of 
these  wrecks,  however,  were  of  French  ladder  dredges,  in  the 
prism  proper,  and  these  were  cut  up  by  dynamite  and  removed 
in  pieces,  slings  being  made  fast  at  low  tide  to  a  scow  over  them 
and  advantage  being  taken  of  the  lift  afforded  by  the  high  tide 
to  break  them  loose  from  their  bed,  tow  them  to  deep  sea  and 
drop  them. 

DREDGING  IN  THE  CENTRAL  DIVISION. 

Almost  all  excavation  in  this  Division  was  made  by  steam 
shovels,  but  quantities  of  material  at  low  elevation  and  liable 
to  overflow,  in  the  neighborhood  of  Gamboa,  were  left  for  the 
dredges,  as  being  more  economical;  also  considerable  material 
was  left  at  Culebra  and  Cuearacha  and  in  the  various  inclines, 
when  the  Gamboa  Dyke  was  blown  up  on  October  10,  1913. 

The  Division  extends  from  Gatun  to  Pedro  Miguel  and 
comprises  the  channel  through  the  Gatun  Lake  and  Culebra 
Cut. 

The  work  to  date  (November  1st,  1914)  comprises  the  re- 
moval of  the  Gamboa  Dyke,  and  the  attack  on  and  the  removal 
of  the  various  land  slips  locally  known  as  slides,  to  which  the 
territory  on  both  sides  of  the  Canal,  from  Empire,  Mile  35.5,  to 
2000  feet  south  of  Gold  Hill,  seems  particularly  prone.    Each 
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slide  has  its  own  peculiarities,  but  they  may  be  generally  de- 
scribed as  of  three  kinds : 

1: — -Where  the  material  opens  in  a  crack,  the  principal 
direction  of  which  is  parallel  to  the  axis  of  the  Canal,  and  from 
100  to  1800  feet  back  of  the  prism  line,  the  material  gradually 
dropping  in  elevation  and  moving  towards  the  Canal,  this  move- 
ment continuing  until  a  slope  is  reached  sufficient  for  repose. 
After  the  slide  has  become  dead,  the  crack  or  fault  sometimes 
presents  a  sheer  cliff  of  some  80  or  90  feet,  or  if  the  material 
is  sufficiently  soft,  a  gradual  incline. 

2: — When  the  upper  stratum  is  superimposed  on  an  in- 
clined, harder  stratum  with  a  sufficient  slope  towards  the  Canal 
to  allow  the  upper  material  to  slide  in  as  through  a  chute,  the 
surface  of  the  harder  stratum  being  lubricated  by  heavy  rains. 

3 : — A  combination  of  both  the  preceding  descriptions. 

The  principal  slides  to  be  removed  on  the  inception  of 
dredging  in  this  Division  were  Empire,  Hagan,  Culebra,  New 
Culebra  and  Cucaracha;  of  these,  Empire  and  Hagan  contained 
only  a  small  amount  of  material  in  the  prism,  which  was  readily 
removed  by  the  small  French  dredges,  and  these  slides  are 
apparently  dead  at  the  present  time. 

The  Gamboa  Dam  was  a  dirt  fill  on  the  bank  of  the 
Chagres  River,  and  its  office  was  to  keep  the  Chagres  River, 
which  crossed  the  canal  at  this  point,  from  overflowing  into 
the  Cut,  the  drainage  from  the  Cut  being  handled  by  pumps 
over  the  dam ;  the  dirt  fill  was  on  a  rock  foundation.  It  was 
also  used  for  the  passage  of  trains,  it  being  for  some  time  part 
of  the  main  line  of  the  Panama  Railroad.  The  dam  was  mined 
by  churn  drills  and  shot  October  10,  1913.  The  material  was 
removed  by  French  ladder  dredges  in  the  ordinary  way,  and 
without  any  particular  trouble,  except  that  the  eastern  half 
was  not  blasted  to  grade  and  required  subaqueous  drilling 
afterwards.  On  October  10,  1913,  there  remained  north  of 
Gamboa  Dam  758,195  yards  to  be  removed,  and,  up  to  date, 
there  has  been  removed  507,195  yards,  leaving  251,000  yards  to 
complete  the  work. 
The  Cucaracha  Slide. 

This  is  the  only  slide  of  any  magnitude  that  has  developed 
south  of  the  Continental  Divide,  and  properly  belongs  to  the 
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third  class  of  slides  previously  mentioned.  .(See  Plates  XVIII, 
XIX,  XX.)  "When  the  water  was  let  into  the  Cut,  this  slide 
partially  blocked  the  channel  from  Stations  1800  to  1809,  and 
entirely  so  from  1809  to  1820,  a  distance  of  2000  feet  (see  Plate 
XXI).  The  moving  material  broke  loose  a  distance  of  1700  feet 
east  of  the  Canal  prism  at  an  elevation  of  from  500  to  600  feet 
above  sea-level.  The  Cut  was  blocked  so  completely  that  sev- 
eral days  elapsed  before  a  narrow  ditch  could  be  cut  and 
blasted  to  let  the  water  south  of  the  slide.  This  slide  was  on 
the  east  side  of  the  Canal  and  immediately  south  of  Gold  Hill. 

The  Eio  Grande  Valley,  on  the  west  side  and  parallel  to 
the  Canal,  at  an  elevation  of  140  feet  M.S.L.  is  about  3000  feet 
south  and  west  of  Cucaracha,  and,  as  the  southern  part  of  the 
slide  seemed  composed  principally  of  soft  clay  and  small  broken 
rock,  it  was  planned  to  handle  the  material  with  two  20-in.  open- 
pump  suction  dredges  with  550-hp.  electrical  relays,  mounted 
on  the  west  berm  above,  and  discharging  into  the  valley.  The 
northern  part  of  the  slide  being  almost  entirely  composed  of 
broken  rock,  it  was  planned  to  handle  the  material  with  three 
5-yd.  dipper  dredges,  the  spoil  being  loaded  into  barges  and 
towed  to  Gatun  Lake  and  there  dumped  into  areas  previously 
selected.  It  was  also  planned  to  use  the  large  ladder  dredge 
"Corozal". 

Both  suction  dredges  and  two  of  the  dippers  were  on  the 
Atlantic  side,  and  these  suction  dredges  were  needed  on  the 
south  side  of  the  slide.  The  "Corozal"  was  unable  to  make 
headway  against  the  steep  bank,  so  the  old  French  ladder 
dredge  "Marmot"  was  brought  up  from  Balboa  with  two  French 
dump  scows,  and  a  pioneer  cut  was  made  through,  the  spoil 
being  temporarily  dumped  one  half  mile  south  of  the  slide. 
This  pioneer  cut  was  completed  and  a  passage  through  the  slide 
made  on  December  10,  1913,  all  dredges  thus  being  enabled  to 
take  up  their  proposed  stations. 

On  April  4,  1914,  the  new  15-yard  dipper  dredge  "Gam- 
boa",  and  on  June  7,  1914,  the  similar  dredge  "Paraiso",  were 
started  at  this  work,  six  1000-yard  steel  barges  having  been 
previously  received. 

There  was  excavated  from  this  slide  up  to  November  1, 
1914,  3,552,259  yds.  of  rock  and  clay,  at  a  total  cost  of  $0.48 
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per  yard;  all  spoil  being  pumped  into  the  Rio  Grande  Valley 
or  dumped  from  scows  into  the  lake.  At  this  date,  the  slide 
was  apparently  dormant,  the  channel  being  excavated  to  full 
width,  with  34  feet  of  water  at  the  shoalest  point  (see  Plate 
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XXII).    The  cost  includes  all  charges  for  dredging,  transporta- 
tion and  overhead  expense. 

No  further  movement  of  Cucaracha  was  noted  until  Jan- 
uary 14,  1915,  when  the  loose,  superficial  rock  and  clay,  over 
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the  underlying  soft  rock  slopes,  gathered  enough  force,  under 
the  changed  conditions  of  the  dry  season,  to  put  about  100,000 
cubic  yards  into  the  Canal,  with  a  consequent  shoaling  up  of 
the  east  side  of  the  channel  from  about  elevation  +  95  on  the 
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east  prism  line  to  elevation  -f-  75  feet  on  the  center  line,  or  only 
12  feet  of  water.  The  ladder  dredge  "Corozal"  was  brought 
up  from  the  Pacific  side  and  the  west  side  of  the  channel  again 
cleaned  up  to  34  feet  depth ;  this  was  done  without  delaying  the 
passage  of  commercial  shipping,  and  this  part  of  the  channel  is 
in  this  condition  at  present,  except  that  the  hard  rock  has  been 
broken  to  grade  -4-  40  over  nearly  the  whole  of  the  prism  at  the 
slide,  the  dredges  now  being  at  more  urgent  work  in  Culebra 
Slide. 

Five-foot  contour  maps  are  appended  showing  the  condi- 
tion at  the  beginning  of  the  dredging,  also  near  the  present 
date  (see  Plates  XXI  and  XXII). 

Other  Culebra  Cut  excavation,  partly  original  up  to  Sep- 
tember 30,  1914,  totals  1,269,302  yards  of  rock  and  clay,  at  total 
cost  per  cu.  yd.  of  $0.61785. 
New  Culebra  Slide. 

The  banks  of  the  Canal  at  Culebra  rise  to  a  height  of  400 
feet  above  sea-level  (see  Plate  XIV),  and  are  composed  of  mixed 
soft  rock,  clay,  and  occasional  ledges  of  hard  rock.  These 
banks  gave  great  trouble  during  the  dry  excavation  period. 
Small  slides  from  these  areas  have  occurred  during  the  past 
year,  requiring  the  almost  constant  service  of  ladder  dredge 
"Corozal".  These  small  slides  culminated  on  October  14,  1914, 
in  one  tremendous  slide  from  the  east  bank,  in  which  approx- 
imately 725,000  cubic  yards  of  rock  and  clay  moved  into  the 
prism  in  12  hours,  with  an  estimated  amount  of  5,000,000  cubic 
yards  in  the  outside  mass  also  moving,  entirely  closing  the 
Canal  to  navigation  (see  Plate  XXV),  except  for  a  tortuous 
channel  with  sufficient  water  for  tugs.  During  this  movement, 
the  dredges  were  moved  to  the  north  side  of  the  slide  (about  6  P. 
M.  on  above  date),  and  operations  began  before  the  slide  had 
stopped  moving;  by  6  A.  M.  on  the  15th,  over  10,000  cubic 
yards  had  been  removed,  and  up  to  November  1st,  346,368  cubic 
yards  of  rock  and  earth  had  been  disposed  of. 

Another  movement  in  the  slide  occurred  on  October  31, 
1914,  which  showed  itself  mostly  in  an  upheaval  of  the  bottom 
of  the  navigable  channel,  and  also  some  movement  of  the  east 
bank. 

Ship  navigation  was  suspended  from  the  14th  to  the  20th 
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of  October,  and  from  the  31st  of  October  to  November  4,  1914, 
and  from  March  4,  1915,  to  March  10,  1915. 

Five  dredges  have  been  working  on  this  slide  since  October 
15,  1914;  viz.,  the  two  15-yard  dipper  dredges  "Gamboa"  and 
"Paraiso",  the  5-yard  dredges  "Mindi"  and  "Cardenas",  with 
the  5-yard  ' '  Chagres  "  as  an  alternate  to  the  two  former,  and  the 
20-in.  suction  dredge  No.  86.  The  amount  of  material  taken 
out  of  this  slide  has  been  much  reduced  by  the  necessity  of 
keeping  open  a  channel  for  commercial  shipping,  and  by  the 
cramped  quarters  in  the  prism  at  the  slide. 

The  rock  and  clay  in  this  slide  have  been  generally  handled 
without  blasting,  and  up  to  March  1,  1914,  2,477,679  cubic 
yards  had  been  handled  and  transported  to  Gatun  Lake  and 
dumped,  or  pumped  by  suction  dredge  into  Rio  Grande  Valley, 
an  average  of  550,593  cubic  yards  per  month,  at  a  cost  includ- 
ing dredging,  transportation,  repair  and  overhead  charges  of 
$0,345  per  cubic  yard. 

A  general  movement  of  this  slide  occurred  again  on  March 
4,  1915,  caused  by  a  movement  of  the  accumulated  loose  material 
down  the  slopes. 

Dredges  are  working  continuously  on  this  slide,   except 
the  stop  for  needed  repairs,  7  days  in  the  week,  24  hours  in  the 
day,  including  Sundays  and  holidays. 
Gravel  Supply. 

The  gravel  bars  of  the  Chagres  have  furnished  material 
for  ballast  for  the  Panama  Railroad  and  for  various  other  pur- 
poses during  the  whole  construction  of  the  canal,  a  spur  of  the 
Panama  Railroad  being  extended  to  the  various  bars,  and  ma- 
terial loaded  by  locomotive  crane  and  clam  shell  into  cars. 

Flooding  the  canal  stopped  this  source  of  supply,  and  to 
secure  further  supplies  of  this  material,  French  ladder  dredge 
No.  1  with  barges,  and  French  clapet,  were  placed  in  the 
service,  and  gravel  procured  from  the  bars  of  the  river  in  the 
vicinity  of  the  old  Spanish  town  of  Las  Cruces,  2%  miles  above 
the  railway  bridge.  Two  of  the  sand  cranes  were  removed  from 
Balboa  and  a  wharf  and  bins  were  erected  near  the  railway 
bridge  over  the  river. 

After  this  material  had  been  delivered  for  some  months,  it 
was  determined  to  screen  the  sand  from  the  gravel,  to  take  the 
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place  of  Chame  sand,  the  small  amount  of  sand  needed  making 
the  Chame  plant  too  expensive. 

A  20-in.  suction  dredge  was  then  placed  in  service,  retiring 
the  French  ladder,  and  the  output  directly  pumped  into  two 
steam-driven  48-in.  by  108-in.  circular  %-in.  mesh  screens  and 
discharged  through  chutes  into  barges  on  each  side  of  the 
screen  barge.  This  screen  was  afterward  changed  to  a  steam- 
driven  9-ft.  by  14-ft.  double  screen  (inside  plate  2-in.,  outside 
%-in.),  which  handled  the  entire  output  of  the  dredge,  deliver- 
ing No.  1  and  No.  2  washed  gravel  sand,  and  by  shutting  a 
valve  bank-run  gravel. 

395,800  cubic  yards  of  material  has  been  handled  at  a  cost 
of  $0.3416  per  cubic  yard  delivered  at  the  unloader  plant. 
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Wage  Scale  for  the  Dredging  Division,  the  Panama  Canal, 
Including  Only  Representative  Crews  of  the  Various  Floating  Equipment. 

April  1,  1915. 

Number  Designation  Bate  of  Pay 

1        Resident  Engineer  $625.00 

1         Supt.  of  Dredging 350.00 

1         Supt.  of  Dredging 300.00 

3 

Office 

1  Chief  Clerk  200.00 

2  Clerk  175.00 

2  "     150.00 

1  "     137.50 

5  "     125.00 

2  Foreman  (Material)  150.00 

1  Foreman   (Timekeeping)   125.00 

2  Draftsman  175.00 

16 

Dredging   (General) 

1  Supr.  of  Dredging  225.00 

1  General  Foreman  200.00 

1  General  Foreman  165.00 

2  Supervising  Engineer  225.00 

5 

Surveys 

2         Junior  Engineer  200.00 

2  Transitman   175.00 

3  Transitman   150.00 

5        Levelman  125.00 

1         Levelman  112.50 

1        Levelman  100.00 

8         Rodman   83.33 

1         Inspector   100.00 

23 
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U.  S.  Caribbean 

Seagoing  suction  dredge 

(Operating  24  hours) 

Gold 

Number  Designation  Bate  of  Pay 

1         Master    $257.25 

1         Mate  (1st)  160.00 

1        Mate  (2nd)  145.00 

1         Mate  (3rd)   135.00 

1         Steward   132.50 

1         Engineer  (Chief)  230.00 

1         Engineer  (1st  Asst.)  160.00 

1         Engineer  (2nd  Asst.)  145.00 

1         Engineer  (3rd  Asst.)    135.00 

9 

Silver 

1         Carpenter  60.00 

7  Winchman  50.00 

4  Boatswain   45.00 

1         Seaman  35.00 

9         Seaman  30.00 

13         Oiler   55.00 

8  Fireman   50.00 

1        Fireman  45.00 

5  Coal  Passers  50.00 

1  Cook  60.00 

1  Cook   40.00 

1  Cook   35.00 

1  Waiter   25.00 

3         Waiter   17.50 

2  Waiter   15.00 

58 

U.  S.  Gamboa 

15-yard  dipper  dredge 

(Operating  24  hours) 

Gold 

Number  Designation  Eate  of  Pay 

1  Master $243.00 

2  Operator    225.75 

1         Operator    215.00 

1  Mate  (Craneman)   210.90 

2  Mate  (Craneman)  190.00 

1         Engineer    (Chief)    220.00 

3  Engineers  175.00 

11 
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Silver 


3        Watertender   55.00 

2        Boatswain   55.00 

2  Winchman  55.00 

13         Oiler   50.00 

6         Fireman  50.00 

1        Blacksmith    50.00 

1         Cook   50.00 

1         Clerk  45.00 

1         Carpenter  45.00 

6         Seaman  40.00 

6        Seaman  35.00 

9         Seaman  30.00 

1        Storekeeper  30.00 

3  Cooks    30.00 

1        Waiter   20.00 

1         Waiter   15.00 

57 

U.  S.  Cardenas 

5-yard  dipper  dredge 

(Operating  24  hours) 

Gold 

Number  Designation  Rate  of  Pay 

3         Master  (Operator)  $210.00 

3         Mate  (Craneman)   185.00 

3         Engineers  155.00 


9 


Silver 


4  Oiler   55.00 

2  Boatswain   : 55.00 

4  Fireman  , 50.00 

12  Seaman :.: 40.00 

1  Seaman 35.00 

5  Seaman  30.00 

2  Clerks  30.00 

30 
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U.  S.  Gopher 

French  ladder  dredge  (marine) 

(Operating  12  hours) 

Gold 

Number  Designation  Bate  of  Pay 

1         Master $185.00 

1         Engineer  (Chief)  175.00 

2 

Silver 

1  Mate 80.00 

1  2nd  Engineer 75.00 

2  Oiler   55.00 

4  Fireman  50.00 

1  Winchman  55.00 

7  Winchman  50.00 

1  Cook   50.00 

3  Seaman  40.00 

1  Seaman  30.00 

21 

IT.  S.  Marmot 

French  ladder  dredge 

(Operating  24  hours) 

Gold 

Number  Designation  Bate  of  Pay 

1  Engineer  (Chief)  $175.00 

2  Engineer  (Asst.)  170.00 

3 

Silver 

2  Captain 100.00 

2  Mate  80.00 

4  Oiler   50.00 

4  Fireman  50.00 

10         Winchman  50.00 

8  Cook   50.00 

1  Carpenter  45.00 

3  Seaman  40.00 

2  Seaman 35.00 

6         Seaman 30.00 

1         Watchman  37.50 

43 


Digitized  by  Microsoft® 


520  DREDGING 


U.  S.  Corozal 

Seagoing  ladder  dredge 

(Operating  24  hours) 

Gold 
Number  Designation  Bate  of  Pay 

1         Master $220.00 

1        Mate  (1st)  195.00 

1         Mate  (2nd)  185.00 

1         Engineer  (Chief)  220.00 

1  Engineer  (1st  Asst.)  195.00 

2  Engineer  (Asst.)   185.00 

1  Steward  120.00 

8 

Silver 

2  Captain 100.00 

1  Mate  75.00 

2  Engineer 75.00 

1  Splicer 60.00 

2  Boatswain  55.00 

6  Winchman  55.00 

3  Winchman 50.00 

2  Watertender   55.00 

10  Oiler   55.00 

1  Cook   50.00 

1  Cook   45.00 

1  Cook  40.00 

6  Eireman  50.00 

1  Carpenter  45.00 

26  Seaman  40.00 

7  Seaman  35.00 

7  Seaman  30.00 

2  Boatman 37.50 

1  Storeman   37.50 

1  Waiter   20.00 

3  Waiter   17.50 

86 
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Number 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 

11 

3 
3 

1 
1 
1 
3 
1 
1 
1 
1 
9 
24 
1 
1 


TJ.  S.  No.  86 

Pine-line  suction  dredge 

(Operating  24  hours) 

Gold 
Designation  Bate  of  Pay 

Master   $220.00 

Mate  195.00 

Mate  155.00 

Mate  135.00 

Engineer  (Chief)  .., 204.75 

Engineer  (1st  Asst.)  155.00 

Engineer  (2nd  Asst.)  135.00 

Operator  170.00 

Operator  155.00 

Poreman  120.00 

Silver 

Watertender   55.00 

Oiler   55.00 

Cook   50.00 

Fireman  45.00 

Carpenter  1.45.00 

Fireman   40.00 

Cook   40.00 

Cook   25.00 

Blacksmith 40.00 

Clerk  40.00 

Seaman  35.00 

Seaman  30.00 

Waiter   - 30.00 

Waiter    15.00 


51 


Number 
1 
1 

1 
1 
2 


U.  S.  Reliance 

Large  tug  boat 

(Operating  three  8-hour  shifts) 

Gold 
Designation  Bate  of  Pay 

Master $185.00 

Mate  175.00 

Mate  165.00 

Engineer  (Chief)  175.00 

Engineers  170.00 


6 
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Silver 


Number  Designation  Bate  of  Pay 

3  Oiler   $  55.00 

2  Fireman   50.00 

4  Fireman   45.00 

1  Cook    50.00 

3  Boatswain    45.00 

2  Cook    45.00 

10  Seaman  40.00 

5  Seaman  35.00 

1  Seaman  30.00 

1  Waiter 20.00 

2  Waiter 15.00 

34 

U.  S.  Bolivar 

Large  tug  boat 

(Operating  two  9-hour  shifts) 

Gold 
Number  Designation  Bate  of  Pay 

1         Master $185.00 

1        Mate   175.00 

1         Engineer  (Chief)   175.00 

1         Engineer  170.00 


Silver 

2  Oiler    55.00 

1  Oiler    50.00 

2  Fireman    50.00 

2  Fireman   45.00 

2  Boatswain    1 45.00 

1  Cook 50.00 

1  Cook 35.00 

4  Seaman  40.00 

3  Seaman  35.00 

5  Seaman  30.00 

1  Waiter 15.00 


24 
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U.  S.  Chame 

Tender 

(Operating  two  12-hour  shifts) 

Gold 
Number  Designation  Eate  of  Pay 

1        Master $185.00 

1         Mate   175.00 

1         Engineer  (Chief)   175.00 

1         Engineer  170.00 

4 

Silver 
1         2nd  Engineer  67.50 

1  Oiler   55.00 

2  Oiler   50.00 

1  Fireman   50.00 

2  Fireman   45.00 

1         Cook 50.00 

1         Boatswain 45.00 

1  Seaman  40.00 

2  Seaman  35.00 

2  Seaman  30.00 

1  Waiter 15.00 

15 

U.  S.  De  Lesseps 

Small  tug  boat 

(Operating  10  hours) 

Gold 

Number  Designation  Eate  of  Pay 

1         Mate   $155.00 

1 

Silver 

1        Engineer  75.00. 

1  2nd  Engineer  65.00 

2  Fireman   50.00 

1         Boatswain 45.00 

1  Cook 40.00 

2  Seaman  40.00 

1  Seaman  35.00 

2  Seaman  30.00 

1        Waiter 15.00 

12 
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U.  S.  Sanidad 

Small  tug  boat 

(Operating  three  8-hour  shifts) 

Gold 

Number  Designation  Rate  of  Pay 

1        Master $170.00 

1        Mate   155.00 

1        Mate  145.00 

1         Engineer  135.00 


Silver 

2  Engineer  75.00 

1  Fireman   50.00 

2  Fireman   45.00 

3  Seaman  40.00 

4  Seaman  35.00 

5  Seaman  30.00 

17 

U.  S.  Clapet  No.  1 
(Operating  9  hours) 

Gold 
Number  Designation  Rate  of  Pay 

1         Master    $170.00 

1         Engineer    155.00 

2 

Silver 

1  Oiler    55.00 

2  Fireman   50.00 

1  Boatswain 45.00 

1  Cook    45.00 

5  Seaman  35.00 

8  Seaman  30.00 

1  Waiter 17.50 

19 

U.  S.  Clapet  No.  4 

(Operating  two  9-hour  shifts) 

Gold 

Number  Designation  Kate  of  Pay 

1        Mate  $155.00 

1  Mate  145.00 

2  Engineer  145.00 
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Silver 

2         Oiler   50.00 

2         Fireman   50.00 

1  Fireman   45.00 

2  Boatswain 45.00 

1         Seaman  40.00 

3  Seaman  35.00 

8        Seaman  30.00 

1         Cook 35.00 

1        Cook    30.00 


21 


V.  S.  Clapet  No.  6 
(Operating  two  12-hour  shifts) 


Silver 
Number  Designation  Bate  of  Pay 

2         Captain  $  85.00 

2         Mate   75.00 

2         Engineer  75.00 

2  Engineer  65.00 

1         Fireman   50.00 

1        Fireman   45.00 

8         Seaman  40.00 

18 

U.  S.  La  VaUey 

Crane   boat 

(Operating  9  hours) 

Gold 
Number  Designation  Bate  of  Pay 

1         Master $190.00 

1         Engineer  194.25 

2 

Silver 

1         Fireman   75.00 

1         Oiler   55.00 

3  Fireman   50.00 

1         Cook    50.00 

1  Boatswain    45.00 

6         Seaman    40.00 

2  Seaman    35.00 

1        Waiter    15.00 

16 
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IT.  S.  Grader  No.  1 

Hydraulic  Grader 
(Operating  9  hours) 

Gold 
Number  Designation  Kate  of  Pay 

1        Master    $175.00 

1        Mate   145.00 

1  Engineer    165.00 

3 

Silver 

2  Oiler    50.00 

3  Fireman   50.00 

1  Cook  50.00 

1  Cook  : 40.00 

1  Carpenter  45.00 

6  Seaman    35.00 

8  Seaman     30.00 

2  Waiter    15.00 

24 

U.  S.  Vulcan 

Eock  Breaker 

(Operating  two  8-hour  shifts) 

Gold 
Number  Designation  Rate  of  Pay 

2         Foreman    $170.00 

1         Engineer    170.00 

1  Engineer    160.00 

4 

Silver 

4  Winchman    50.00 

2  Fireman    50.00 

1  Cook 50.00 

1  Cook    40.00 

1  Seaman  35.00 

6  Seaman  30.00 


15 
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TJ.  S.  Teredo  No.  2 

Drill  boat 

(Operating  two  8-hour  shifts) 

Gold 
Number  Designation  Rate  of  Pay 

1  Master    $200.00 

1  Mate   175.00 

1  Blacksmith  140.00 

1  Engineer    140.00 

9  Drill  Eunners    140.00 


13 


Silver 


1         2nd  Engineer  67.50 

1        Fireman   50.00 

1         Fireman   45.00 

15         Seaman  40.00 

6         Seaman  35.00 

21         Seaman  30.00 

45 

(All  gold  rates  are  reduced  $20.00  a  month  when  subsistence  is  sup- 
plied.) 

Number  of  Employees  in  the  Dredging  Division,  March,   1915 

Gold  314 

Silver  2023 

Total    2337 
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